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fHE CENTRAL TELEGRAPH OFFICE, PARIS, 


WHATEVER has been said about it, the ae ge era 
the post and telegraph offices have never had any in- 
tention of going on a strike, but the sole announce- 
ment of such a fact has sufficed to cause the liveliest 
apprehension throughout the entire country. This is 
because a strike of these persons would in nowise re- 
geuble those other strikes that injure merely a corpora- 
tion and a limited number 
of people having need of 
thelatter. Without count- 

the disturbance intro- 
duced into the commerce, 
jadustries, and finances of 
the country, there is not 
an inhabitant who would 
not experience some injury 
orannoyance from a gene- 
ral, or even partial, strike 
of the employes of the post 
and telegraph offices. 

After various turns of 
fortune, this agitation now 
gees to be concentrated 
ip the telegraph offices of 
Grenelie Street, that are 
usually designated as the 
“Central.” It has seemed 
to us that on this occasion 
afew explanations of the 

rations and importance 
the Central would be 
read with interest. 

The building is located 
at No. 103 Grenelle Street, 
and communicates with 
the general direction of 

offices by an under- 
ground passage that runs 
Gnder the court of the Min- 
ister of Commerce’s Hall, 
aad thus ends at No. 99 of 
the same street. On cross- 
ing the threshold of No. 
108, one’s view is arrested 
asort of high tower in- 
lin the modern struc- 
tures. This tower, con- 
structed in 1840, and the 
stones of which have re- 
cently been scraped, was 
the old central office of the 
Brothers Chappe’s aerial 
telegraph. It is here that were centralized the official 
dispatches of the five great lines of Lille, Strasbourg, 
Toulon, Bayonne, and Brest. For the south, the sig- 
fals were transmitted to Saint Sulpice, Montlhery, 
Villejuif, ete.. and, for the north, to Saint Eustache, 
Montmartre, Ecouen, Saint Martin du Tertre, ete. 

The upper part of the toweris now unoccupied. The 
Main door, reserved solely for the female employes, 

es uccess to a superb vestibule. In the first story, 

the office of the old director-general, are found the 
chiefs of section. In the second story there are retir- 
gee for the employes who work at night. 

he “manipulating” body of the Central comprises 
2men and 414 women. It is distributed through 
three halls, each having an area of about 600 meters. 


The personnel is divided into two brigades, each hav- | 


| by sub-chiefs and chief clerks. 

| ‘These brigades work successively from 7 to 11 o'clock 

16 to 11 at night. 

| agents of each brigade are employed. These obtain 
34 of a frane per hour from 9 o'clock till midnight, and 


i franc per hour from midnight till 7 oclock in the 


morning. 


TELEGRAPH HALL OF THE CENTRAL OFFICE, PARIS. 


| The hall on the ground floor is reserved for the lady 
| telegraphers, who attend exclusively to the business of 
| the stations of Paris,of those of the suburbs, and of those 
of some provincial cities that have as yet only the 
Morse apparatus. In fact, this latter is reserved es- 
| pecially for the ladies, as being less fatiguing. Their 
| hall contains 225 of these apparatus. However, some 
| time ago the Hughes apparatus was given to them, 
'and of these they now have 28. 
In the first story are two halls reserved for the men. 
In the first of these, called the ‘Old Central,” are the 
| services of the international telegraph, of the press, of 
| forwarding and classification of telegrams, and of the 
pneumatic tubes. 
| These latter are attended to by special employes, 14 
in number, who are styled “‘ tubists.” There are 16 
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ing a section chief at the head of it. The latter is aided apparatus—eight to each of the two parallel rows that 
| are very accurately represented in one of our engrav- 
| ings. 
|} in the morning, from 11 to 6 in the afternoon, and from | pneumatic pumps located in the cellars of the central 
For the night service, from 25 to 30) 


The vacuum is kept up in the tubes by steam 


office. 

A “‘ train” starts or arrives every three minutes. It 
consists of a tin tube in which are placed the telegraph 
cards, and which is inclosed in a thick rubber sheath. 

The tubist is notified of the arrival of a train by a 
bell. He then depresses a 
sort of lever that is situ- 
ated in front of each appa- 
ratus, and which controls 
a valve that closes the air 
tube. He thus opens a 
sinall closet which the train 
has just entered, deposits 
the latter in receptacles 
standing to the right of the 
apparatus, closes the box, 
and raises the lever. The 
telegrams are soon collect- 
ed by a ‘ bouliste ”—the 
term applied to 77 em- 
ployes, young boys and old 
men, who do nothing but 
run from one apparatus to 
another and gather up the 
dispatches, etc. 

The second hall of the 
first story is called the 
**New Central.” This is 
represented in our first en- 
graving. Large windows 
allow light and air to enter 
it during the day, and at 
night it is lighted by fifteen 
elegant chandeliers, each 
provided with five gas 
burners, designed to be re- 
placed by electricity if the 
gas gives out. This hall is 
divided by a central alley. 
To the right are the Hughes 
apparatus, and to the left 
the Baudot ones. Here a 
feverish animation ever 
exists, amid a perpetual 
noise of bells and of inces- 
sant tic-tacs that impress 
one’s nervous system very 
disagreeably. 

The apparatus employed 
are 128 Hughes, 2 Wheat- 

stone, and 11 Baudot. Thanks to the Baudot appara- 
tus, from seven to nine operatives can work upon one 
line. In measure as this line gives the signals, a “ dis- 
tributor” to the right of the operator distributes them 
between the seven or eight colleagues, 
The electricity is furnished to all these apparatus by 
about 1,000 pile elements, which are stored in a vast 
hall in the basement. The glass vessels containing the 
| zine that dips in a soluticn of sulphate of copper are 
placed ina line upon a long wooden table, and abeve 
the latter there are boards along which run the wires 
from the piles. All these wires radiate in two circles 
upon two boards that correspond to similar ones on 
the ground floor and first story. Each ray of this sun, 
so to call it—a ray consisting of a telegraph wire—car- 
|ries the number of its pile and the number of the 
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apparatus that it connects with. In the center of the 
room containing the piles, which are about 500 in num- 
ber, is a large basin fed by several cocks, in which five 
or six men are constantly washing and scraping the 
zines and vessels, 

In conclusion, we shall give a single figure to show 
the importance of the Central. It receives and sends 
60,000 telegrams every twenty-four hours! This is ex- 
clusive of the voluminous correspondence of the press, 
which is transmitted by special wires, rented or ceded. 
—I [llustration. 








‘A BASIS FROM WHICH TO CALCULATE 
CHARGES FOR ELECTRIC MOTOR SERVICE. * 


By H. C. LUFKIN. 


THE theoretical side of the electric motor question 
has been very ably presented to and discussed by this 
Association, bat thus far the practical side bas been 
somewhat neglected. 

It will be my purpose in this paper, if possible, to 
show that there is a general average controlling the 
use of machinery which it will be safe for electric light 
and power companies to follow in making their charges 
for motor service, rather than adopt an arbitrary price 
per horse power, regardless of the character of service 
required of the motor, 

I have arranged what might be called a power curve, 
representing the approximate average actual service in 
electric motors in connection with the several classes of 
work. 

This curve is calculated on motors which are only of 
sufficient capacity in each case to carry the full load. 
If the inotor should be larger than is necessary to drive 
the machinery, the percentage of actual service will of 
course drop below that shown in the diagram. 

By adopting a basis of averages which shall be general 
among members of this Association, the charges for a 
constant horsepower of current may vary with the cir- 
cumstances of its first cost in each case, but the general 
classification of motor service may be a comparatively 
fixed rule. I am not prepared to say that this is the 
best plan to follow, but respectfully submit the follow- 
ing as a possible solution of the frequently asked ques- 
tion, How shall we charge for electric motors ? 

ExHAust FANs: First on the list of power con- 
sumers is the exhaust fan, taking it in average use. 
There are, however, circumstances under which its use 
will be limited to as low as 70 or 75 per cent. of its con- 
tract hours of service; as, for instance, in a dining 
room it may be cut out except during meal hours, or 
entirely cut out on cool days. In places of this descrip- 
tion, fhowever, its contract use is usually limited to 
three or four months in the year, and other than 
electric power is, by circumstances of first cost and in- 
convenience, but a feeble competitor. The first four 
applications on the accompanying list, viz., exhaust 
fans, blowers, ceiling fans, and fan outfits, are all more 
or less subject to the foregoing conditions, and there- 
fore current supplied to motors for these purposes com- 
mands the maximum price per horse power. One im- 
portant feature in the installation of ceiling fans is the 
countershafting to the motor. 

In one recent case we had a complaint from a’cus- 
tomer that the ‘¢ h. p. motor sent him would not drive 
two ceiling fans, and that the motor must be defective, 
and should he return it for repairs. We immediately 
sent a representative to find the difficulty, which was 
found, as is usual in such cases, in the countershafting, 
or rather the want of it. The 3 in. pulley on the motor 
was connected to a 6 in. pulley on the line shafting. 
The rated speed of the motor was 2,000 revolutions, 
and had it been able to develop this speed, would have 
driven!the line shaft 1,000 revolutions and the fans a rela- 
tive speed. To accomplish this would probably require 
amotor of 8or4h. p. The line shafting driving ceiling 
fans usually runs about 75 revolutions. To give this 
speed on the line shaft with a rated speed of 2,000 on 
the 3 in. eof of the motor would require a counter- 
shaft with a 24 in. — belted to the motor. On this 
same countershaft should be a 5 in. pulley belted toa 
15 or 16 in. pulley on the line shaft. Fully three- 
fourths of the trouble found in electric motors arises 
from improper shafting and belting. The average 
make of 8 in, exhaust wheel, a 44 h. p. motor should 
drive at about 400 revolutions. Say then the speed of 
thelmotor is 2,000 and the pulley 3 in., it would require 
a 15 in. pulley on the fan to do the work; a36 in. wheel 
requires 1 h. p. to develop the same speed. If the 
motor speed is 1,800, the pulley 4 in., it would require 
an 18 in. pulley on the fan to do the work. These are 
the most popular sizes of exhaust wheels. 

The uext application on the list, open tank elevator 
pews commands the highest price for current per 

. p. in the motor of any elevator application. The 
methods of operating the open tank hydraulic eleva- 
tors in question are undoubtedly familiar to you all. 
Instead of the usual steam pump, a power pump of 
some approved design is substituted and connec to 
the motor by suitable countershafting to give the re- 
quired revolutions at the pump. The regulation of the 
motor in this case should be controlled by the position 
of water in the lower tank, as in the case of the steam 
pump. And in this connection let me suggest the 
necessity of great care both in installation and insula- 
tion. On all installations in basements and cellars, or 
elsewhere, where there is the slightest tendency to 
dampness, raise the motor off the floor on a suitable 
frame or stand, and build around it, on all sides of 
possible approach, a low platform, using glass insula- 
tors as legs or standards to support it. So arrange this 
that the motor or its connections cannot be reached 
except when standing on this insulated platform, and 
the liability to a shock will be reduced to the difference 
of potential between the terminals of the machine. To 
return to the subject. Let us take for an illustration 
an elevator using 120 gals. of water per trip, and con- 
suming one minute in making its entire up trip, or 
about two per round trip. The lower tank or water 
supply is on a level with the pump. The upper tank 
is 70 ft. above the pump, and in the piping to the upper 
tank are five elbows. For each elbow add 2 ft. to the 
elevation, or an approximate total elevation of 80 (ft.) X 
120 (gals.) gives us 9,600 foot gallons. This amount 
would be required every two minutes if the ele- 
vator was in absolutely constant operation, or 4,800 





* Read before the recent New York convention of the National Electric 
Light Association, 








| foot gallons per minute x 814 gives us 40,800 foot pounds. 


This we must at least double to allow for friction in 
pump, shafting, ete., making 81,600 foot pounds, or 
about 24¢ h. p., say 3 required in the motor. 

This class of elevator is confined almost entirely to 
passenger use; therefore, the service required of the 
motor is much more constant and the margin between 
the h. p. hours contracted for and the h. p. hours of 
actual service much smaller than in any other elevator 
use, excepting possibly the services in connection with 

ressure tank elevators in the more popular office build- 

ngs. In this case we have a maximum average use of 

80; and instances, such as those of the hotels, simall 
office buildings, etc., where the service will not exceed 
60 of the contract h. p. hours. In order, however, that 
the electric light company shall derive the greatest 
benefit from this inconstant service, the installation 
and wiring should be the best, and only the most ap- 
proved and economical apparatus employed. 

The next application on our list, pressure tank pumps 
in connection with elevators, represents a somewhat 
smaller percentage of horse power hours of actual ser- 
vice in the motor as compared with the possible horse 

wer hours than in the case of an open tank pom. 
4 case of the pressure tank the water reserve is usually 
limited, and the motor, therefore, must be equal to the 
continuous operation of the elevator at maximum load. 
Taking this fact into consideration, and the circum- 
stances of elevator use being about the same in this case 
as in the case of the open tank elevator, we have a 
greater ratio of difference between the possible or con- 
tract horse power hours in the motor and the horse 
»ower hours of actual service, the maximum average use 

ingweabout 70 per cent. to 75 per cent., and the mini- 
mum as low as 35 per cent. to 40 per cent., depending, 
of course, on the character of the building in which the 
elevator is employed or the character of service. In 
calculating the size of motor required on an elevator of 
this deseription, a very convenient fact to remember is 
that every pound of pressure per square inch is equi- 
valent to lifting water about 23 feet, or about 230 feet 
per 100 pounds pressure. By reducing the required 
pressure to @ relative lift in feet, and knowing the 
amount of water required by the elevator per minute, 
the motor calculation becomes the same as in the case 
of the open tank elevator, the same allowance being 
made for friction, ete., as in the first case. The regula- 
tion of the motor in this case should be accomplished 
by the conditions of pressure in the pressure tank, as is 
the case with a steam pump employed in this service. 

The next application of importance on the list is sew- 
ing machines. In the tests I have been able to make 
on this class of work I have obtained some singular re- 
sults. One item of importance is the fact that the 
single thread machines, which are the lightest running, 
command the most power in operating. Paradoxical 
as this may seem, it is easily explained. Asa rule this 
class of machine is used on light work, such as shirts, 
ladies’ underwear, etc., and operated at a higher speed 
than any other class of machine. At equals the 
volts consumed on a single thread machine as com- 
pared with a shuttle machine is about as 2 to 3. In 
ave commercial use, however, the positions are re- 
versed, and the ratio of volts consumed in the single 
thread, as compared with the shuttle machine, is about 
as5to3. To double the speed on a sewing machine re- 
quires about 24¢ times the power. The difference in 
volts consumed on the different makes of sewing 
machines is so small that we may disregard it entirely, 
as well as the character of work done by the machine, 
for the heavier the work the slower the s and more 
frequent and longer stops on the machine, thus keep- 
ing the average volts per operator about constant in all 
eases. This leaves the speed in stitches per minute at 
the sewing machine the factor from which we must 
calculate the power —— in a sewing machine plant. 
To illustrate this, I will give you the record of two cases 
which are about the average. Case No. 1 is a shop in 
which are thirty sewing machines connected to a two 
horse power motor. At the time the tests were made 
there were but twenty operators at work, leaving ten 
idle machines, the entire shafting, however, being in 
operation. The class of goods manufactured in this 
shop is a cheap grade of cotton and wool pants, rather 
heavy goods tosew. A voltmeter across the terminals 
of the motor gave the following readings with a cur- 
rent of 9 amperes: Minimum, 90 volts; maximum, 148; 
average, 119; which gives us a minimum average per 
operator of 4°5 volts, and the maximum average of 7°4 
volts, or a general ave of 4°9 volts vy operator. 
This motor was driving the shafting for machines, 
and as the average operators employed the year round 
will not exceed 75 per cent. of the shop capacity, it will, 
I think, be entirely fair to estimate the average volts 
per machine rather than r operator, as the user of 
the motor has contracted for power sufficient to drive 
his entire plant. In this case, then, we have a minimum 
average of 3 volts per machine and a maximum of 4°9 
volts, or a general average of say 4 volts per machine. 
A two horse motor of 82 per cent. efficiency with 9 
amperes of current will require about 200 volts to de- 
velop two actual horse power. Two hundred volts, 
therefore, is what the electric light company contracts 
to deliver, while in reality they deliver only 129 volts, 
or 60 per cent., or a minimum average of 90 volts, or 45 
per cent. of the power contracted for. These machines 
were making about 1,200 stitches per minute, an aver- 
age of 4 volts per 100 stitches. 

Case No. 2 isa shop in which are 32 machines run- 
ning at about 1,200 stitches, each being supplied with 
an individual motor of 1 h. p. capacity, and the class 
of 8 manufactured being men’s summer clothing, 
such as white duck vests, flannel coats and vests, etc., 
the duck from which these vests are made being about 
as hard work on asewing machine as can be found. 
In this —_ were 24 operators at work. The maximum 
volts in this case was 116 and the minimum 40, or gen- 
eral average of but 78 volts, or about 24¢ volts per 
machine with four more operators than in the first 
ease, in which we had an average of 119 volts. This 
shop has been paying the electric light company $32 
per month for more than a year, which is the price the 
same company charge for current fora 4h. p. motor 
which approximates 400 volts, which the company con- 
tracts to deliver. This gives us a minimum average 
use of but 10 per cent. and a maximum of 29 per cent., 
with a general average of 194g per cent. In other 
words, the company is saving in this shop the price of 
a 4g h. p. motor each month, besides making a profit 
on the volts actually delivered. On a contract for 


three years the electric light company would be 

in pocket if they would present the customer with 
small motors, charging him $1 per month per 

for current, rather than let him buy a 2h. p. motor to 
operate the same machines, with the necessary shaft. 
ing, at a charge of $18 per month for current. "Takj 
this average in case No. 2 of 24¢ volts per machine, 
from a 50 light machine we could run not less than 900 
sewing machines, or about 18 tothe are lamp. At $1 
per month per machine an income of $900 per month 
would be derived from a 50 light machine without any 
lamp expenses, such as carbons, repairs on lamps, 
globes, ete. On the average, in case No.1 of 4 volts 
per machine, we could operate but about 562, say 699 
machines. Divided up in shops of 30 machines and a 
h. p. motor to each shop, we would have 20 two bh. 
motors. Ata charge of $18 per month each we would 
have an earning capacity of but $360 per month from 
the same 50 light machine. 

This is but one page from the thus far unwritten 
history of the much maligned small motor. Still the 
question is frequently asked: ‘* Can we sell current for 
$1 per month for asmall motor driving a sewing ma. 
chine and make a profit?” As a matter of fact, 59 
cents per month for small motors driving sewing ma. 
chines yields a better profit to the company supplying 
the current than $10 per month per h. p. in 
motors to drive the same machines, besides the im- 
mense advantage which the small motors possess of 
keeping the circuit in much better balance, the fluctua. 
tions due to the stopping and starting of large motors 
being at times a serious matter. One electric light 
com y, making rather a specialty of these small 
machines, rents the motor and supplies the current for 
$1.25 per month per sewing machine, and reports that 
at this price the motor service pays them a better per. 
centage of profit than their lamps. This company han 
some 200 small motors on the circuits. 

A more striking illustration of the advantages to the 
electric light company in the subdivision of power into 
the smallest sible units it would be hard to find. 
There is a difference in’ efficiency of from 15 to 20 per 
cent, in these two sizes of motors, but this difference ig 
fully lost to the large motor in driving the shafting, 
and the small motor still has the advantage of being 
out of circuit entirely when the machine it is driving 
is aneees. There is scarcely a manufacturing indus. 
try which does not possess its busy and dul! seasons, 
This means that in no industry will over 75 per cent, 
of the machines or machinery employed be in average 
operation. The entire shafting in the shops must be 
kept in operation the entire year often for less than 
50 per cent. of the machinery. Subdivide these same 
shops into as many small units as possible, and the 
eurrent necessary to operate the shafting for this idle 
machinery will be saved, besides the saving from fre- 
quent stops while the machinery is in active use. 

Toreturn again to the list, the next two applications, 
picture frame manufacturers and moulding manufac- 
turers, are very similar. Their busy seasons, as a rule, 
are in the spring and fall, and also follow closely any 
activity in house building. In the case of the larger 
manufacturers in this line a maximum average of 75 
per cent. will possibly be reached, but probably never 
exceeded. In the case, however, of the picture dealer, 
who has a small shop in which he makes picture 
frames and mouldings to order, the actual service of the 
motor will fall as low as 25 per cent. or 30 per cent. of 
its contract hours; one case in our experience the actual 
service having reached this low average. A fair gene- 
ral average in this class of work would be about 60 per 
cent. 

The next application, nickel and silver platers and 
buffers, are good contract customers as a rule; one case 
in our experience showing but an average use of 20 per 
cent. of the contract horse power hours. This, how- 
ever, is probably an exceptional case, and as near as 
we can estimate on this class of work the actual motor 
service will not exceed in any case 60 per cent. of the 
contract hours; a fair average being probably 45 or 0 
per cent. 

The next two applications, printing presses on news 
and job work, are probably met with more frequently 
than any other. n exclusively news work, the in- 
stances where the motor is in service more than three 
or four hours is rare. It is, however, usual in news 
offices to find two or more job presses. If the news 
paper printed happens to be a morning paper, the hours 
of news work are usually between 12 midnight and 
4o’clock in the morning, the job work being done 
through the day. I have in mind a case of this de 
scription. In the shop is one cylinder press and three 
job presses connected to a two horse power wotor. 

his motor is on an incandescent circuit of 110 volts. 
To develop its rated power at 110 volts would require 
about sixteen amperes in the motor. An ampere motor 
in series with the motor while running off the morning 
paper with only the cylinder press in operation stood 
at 12 amperes. For three hours this load was practl- 
cally constant, when it was thrown off entirely. This 
gave on the night service but thirty per cent. of the 
contract hours. This motor required five amperes to 
drive the shafting, and but eight amperes, or one horse 
power, to drive the three job presses with the cylinder 
press off. Here then is but a fifty per cent. use if the 

resses be used constantly; there are, however, waby 
ys when they are comparatively idle. Thirty @ 
forty per cent., therefore, is a very safe estimate of the 
maximum use of this motor on the day circuit, or h 
the motor been a one horse power, which would have 
been sufficient to drive the job presses, the use Wo’ 
be sixty to eighty per cent. of the contract hours, 
paabalily not above 60 per cent. All printing offices 
will probably come within this range unless the motor 
be larger than is necessary to do the work 

Machine shops doing principally lathe work as a mat- 
ter of course use a larger percentage of their contracted 
power than shops doing lathe and bench work wi 
the same hands. In no ease will the service of the 
motor exceed 65 per cent. or 70 per cent. of its cont 
use ; for machine shops, like sewing machine sbops 








will never average over 75 per cent. of the shop capacity 
for operators the year round. The average, espec ; 
in the case of a shop doing much bench work, will 
as low as 40 per cent. J xt 
The driving of laundry machinery, which is our be 
application, usually —t a profitable contrast, & 
cording to reports. This fact arises from the inte 
tent use of the machinery. The heaviest service 08 
the motor will probably be found during the early 
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of each week, with a general falling off in work during 
the summer months, while the patrons of the laundry 
are away at the seashore or in the mountains. [In this 
application, therefore, a 75 per cent. service would 
probably be an exception, with probably many in- 
stances where the service would fall below per 


cent. eae 
The next application, model and pattern makers, are 
small users of power, as their occupation requires a 


| the current out when the motor is not in use, the ave- 
rage use would drop to 20 or 25 per cent., instead of 37 
per cent. In the case of a direct power passenger 
elevator, the use might possibly run up to 60 per cent., 
but this would be exceptional. 

Coffee mills will average from 40 to 60 per cent. of 
their contract hours, manufacturing jewelers about the 
same, while retail jewelers will run as low as 25 per 

|eent. Ice cream freezers will not average over 25 per 


(Ene rngerine.) 
WAR SHIPS OF THE FUTURE. 


It is certainly by no means an insoluble problem in 
the present day to construct a ship possessing the re- 
quired qualities of high speed, invulnerability to the 
attack of present and future torpedoes, unsinkable by 
guns, and provided with great offensive power and 
handiness, though the enormous cost of such colossal 


large proportion of hand work. Fifty per cent. service| cent., but as the contract season in this case is usually | Structures is a most powerful obstacle to their creation. 


in the motor will be found a fair average maximum 
use, With instances as low as 20 or 25 per cent. 

The next application, direct power or belt elevators, 
js another application frequently met. The average 


service in the motor is also much smaller than in any 
Let us suppose a case of 


other elevator application. 











short, they should be rated at least a 50 per cent. basis, 


No nation, however wealthy, couid afford to construct 


except, possibly, in cases where the customer pays the |its fleets of units, each one of which represents an 
cost of installation and wiring, which is usual in these | immense expenditure, even though held superior to 


Cases. 


A dentist is one of the smallest of power users, so 


many others of inferior power, because the invulnera- 
bility and power acquired by this expenditure cannot 


small, in fact, that if every one in the city were con-|uarantee the colossus against the dangers of disas- 
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the familiar grip connected to the ordinary hand hoist | 
with a lifting capacity of 2,000 pounds. In this case 
the motor is in use only going up, and the usual brake 
is used in coming down. Connected to this elevator 
in the loft of the building we have a5 horse wer 
motor wired to a cut-out on the ground floor. e will 
eall the lift 45 feet and the time consumed per trip 1 
minute. We will allow 60 full trips of the elevator at 
full load at 2,000 pounds per trip each day. This 
would approximate ten car loads of merchandise han- 
dled by the elevator, which is certainly above the 
average. This motor, we will say, is on a ten hour day 
circuit ; its possible horse power hours, therefore, would 
be 5 horse power for ten hours, or 50 horse power hours 
per day. Sixty trips of one minute each gives us 
exactly one hour's service of the full 5 horse power or 
5horse power hours. To drive the shafting only while | 
the elevator is coming down or idle would require 
about 150 volts, or 14g horse power; and if this was in| 
coastant operation the balance of the day, nine hours, | 
its total use on shafting would be 1344 horse power 
hours, which, added to the 5 horse power hours, gives 
us a grand total of 1844 horse power hours, or 37 per} 
cent. of the contract hours. If, however, the user of 
the motor avails himself of the cut-out box and cuts’ 
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nected with a circuit, the load from this cause would 
never be felt. We will, however, put them down at 
from 10 to 20 per cent. 

The optician uses a motor to turn his grindstones, 
and its use ia this case will average from 20 to 30 per 
cent. 

The last application on the list, church organs, use 
only from 10 to 20 per cent. of the contract service. 

These are, of course, but few of the very many appli 
eations of the electric motor, and if, as I trust, the 
possible subsequent discussion of this general plan may 
establish a basis forrating motor applications, not only 
will the object of this paper be obtained, but a ques- 
tion of considerable annoyance now existing between 
the motor man and the electric light and power com- 

any will be solved. 

In conclusion, Mr. Chairman, I beg to suggest that 
the supply and rates of charge for electric power have 
become of sufficient importance to this Association to 
be represented by a permanent committee, whose duty 
it should be to obtain from the different members of 
the Association, as far as possible, their experience 
in the supply of power, in such manner and form as 
shall be deemed by the committee best suited to the 
wants of this Association. 


ters at sea, fire, explosions of boilers, and other possi- 
ble catastrophes, nor against other still more potent 
agents of destruction which the future may have in 
store. 

Being unable to obtain the necessary complete re- 
sistance to sinking when the endeavor is made to fulfill 
all the other requirements, the necessity will become 
more and more obvious, as time goes on, of obtaining 
that quality by sacrificing some other conspicuous 
characteristic of the ship. Among all the factors which 
|now constitute the military power of a ship, that of 
| velocity is without doubt the most prized, and also 
|the one which has been the chief cause of the} in- 
|erease of cost, as well as that which more especially 
| precludes the adoption of a form and construction of 
| the hull which would be better able to resist the offen- 
| sive development of sub-aqueous weapons. 

It is the velocity therefore which will have tobe sac- 
rificed to the advance of the new weapons. This sacrifice 
| will be no doubt strenuously opposed, as speed is al- 
ways dear to the sailor, accustomed to associate this 
quality as a leading feature in a good design of ship, 
| but the supreme law of the safety of the ship will force 
itsadoption. Between the alternative of accepting the 
| perpetual danger of being sent to the bottom at any 
|moment orof giving up an excess of speed, no hesita- 
tion is a in adopting this latter solution, however 
painful the decision may be. This modification in the 
| qualities of a battle ship will naturally not be by itself 
'a solution of the problem, and it will have to be fol- 
lowed by others, but as the most radical, and perhaps 
the most contested, its consequences deserve examin- 
| ation. 
| For battle ships a sensible excess of speed over an 
|adversary was a distinct advantage, when the guns 
were ranged alopg the broadside, because in that 
|case the swifter ship could assume a position from 
| which she could attack the other without being herself 
jattacked. It was also an advantage when the attack 
by ramming was thought likely to be adopted ; but in 
the present day the system of rotating platforms, which 
defends equally nearly all the points of the horizon, 
has caused this advantage to disappear. The modern 
systems of construction and torpedoes, having led to 
an abandonment of the attack by ramming, have 
{also contributed to [this result. High speed was re- 
| tained as a principal defense against the attack of tor- 
pedoes, and this wasin part justified, when the velocity 
of the torpedoes was only about half that of the ship. 
At present both the torpedo and the torpedo boat pos- 
sess a speed considerably greater than that of the bat- 
tle ship, and in consequence speed can no longer be 
considered as an arm of defense for these last. A su- 
periority of speed is not of very great advantage in 
| the phases of a combat, because the pauses arising 
|from the necessity of maneuvering interfere with its 
| advantage being realized. The superiority of speed, it 
| is true, confers the power of choice in accepting or re- 
fusing an action, but the occasions are rare and excep- 
tional when a commander would be justified in mak- 
ing use of the latter prerogative. 

A reasonable diminution in speed produces no delete- 
rious consequences in case of an artillery combat, when 
it is sacrificed to obtain immunity against torpedoes. 
Between a Duilio or an Italia, possessing a speed of 
fifteen knots, but liable to be sunk by the explosion of 
a torpedo, and a ship of nearly equal power and of less 
velocity, but invulnerable to the attack of a dozen torpe- 
does, the choice cannot be doubtful. For that reason 
sooner or later large battle ships will have to accept 
asacrifice of speed in order to obtain immunity to tor- 
pedo attack. 
| Without doubt many will dispute these conclusions, 
| pointing out that inferior speed leads to impotence, be- 
cause the quicker ship can always withdraw from the 
attack of the slower, and that the latter cannot escape 
ramming by the former. These critics forget, however, 
that speed given toa structure which can be easily 
sent to the bottom is ephemeral, and that an effective 
protection against torpedo attack willina large mea- 
sure be a defense also against ramming. Experience, 
however, will, in the end, dispose of these and other ob- 
jections, as it will demonstrate that superiority of speed, 
if unaccompanied with invulnerability, is no secure 
peepee of being able to take flight, because the 

igh power and accuracy at great distances of the guns 
of the future will easily clip the wings of the fugitive. 
If the quicker vessel is reduced to flight on the appear- 
ance of the slower one, that signifies that the latter will 
be master of the field, remaining where it chooses, and 
where necessary to attain its object, for it cannot be 
contested that aship should always have some fixed 
purpose to fulfill, and not alone that of flight. The slow 
ship, invulnerable to torpedoes, can always force her 
swift, though vulnerable, rival to quit any particular 
spot, while the same compulsion can never be exercis- 
upon her, whether she maneuvers furnished with 
nets or without, and that for reasons which are self- 
evident. 

To sum up, the renunciation of an excess of speed 
in order to obtain security against torpedoes is the 
means most adapted for clearly defining the role of 
such battleship, and for rendering her more effica- 
cious in the field of action for which she is destined. 
This difference of s between the more powerful 
vessels and those of less size will be accepted in future 
as the lesser speed of the line-of-battle ship in presence 
of a frigate, and of the frigate as compared with the 
corvette, was accepted in former days. Every ship 
must have some one factor largely developed at the ex- 
pense of some other less essential for her particular 
duties. Future fleets must have their Ubinas, their 











heavy cavalry, and their light artillery, but their real 
fighting strength will consist of large vessels of reduced 














speed but ansinkable, and against these the assaults of 
an evuemy who has preferred speed to unsinkability 
will prove fruitless. 

The sacrifice of a portion of thes 


1 will be prin- 
cipally due to the necessity of providing the hull with 
projecting coffers or plating with free circulation of the 
water, as a protection against torpedoes; their distance 
from the hull being determined by the explosive charge 
of the torpedo. Without discussing their details or 
form Adiniral Albini holds that this mode of protection, 
giving free access to water, is the only one on which re- 
liance can be placed. It should project at least 15 ft. 
from the hull. 

A reduction in the speed will not suffice by itself to 
furnish means of giving adequate protection to the 
hull, and a considerable diminution in the armor now 
a apr to ships will, he considers, have to be effected. 

ith the existing power of guns, which is susceptible 
of being largely increased, the practical superiority of 
the gun over armor may henceforth be assumed as in- 
contestable. 

Guns are even now in existence which develop an 
energy of 70,000 foot tons and cau perforate over 30 in. 
of the best armor. It is useless to look for adequate 
——— by increasing the thickness of armor plates. 

he wisest course is to make use of a large portion of 
the excessive weight of armor in a wanner which will 
really contribute to the safety of the vessel. 

This reduction will also have its strenuous opponents; 
asa system of defense which has entailed much time, 
study, and cost will not be readily abandoned. The 
change will consequently be gradual, but in the end 
the imperious necessity of making the ship unsinkable 
will force its acceptance. 

It is dificult to fix the limit to which this reduction 
in armor will descend, as it will depend in great meas- 
ure on the various duties assigned to the vessels and on 
the development of the smaller classes of guns. Ad- 
miral Albini holds that for all parts of the ship above 
the water line which are not intended to contribute to 
the floating power, and which must be protected by 
vertical plating, the thickness of the armor should be 
determined by the penetrating power capable of being 
developed in quick-fire guns, or in light guns of such 
moderate weight that large numbers can be carried. 
As it is impossible to associate high penetrating power 
with rapid fire without a considerable increase of 
weight and space, he considers the 6in. gun as about 
the limit to which this system can be advantageously 
applied. 


Good armor, 12 in. thick, is impenetrable to all the | 


class of quick-tire weapons, and this thickness for 
vertical protection should not be exceeded. A ship, 
secure in this manner against the quick-fire shell at- 


tack, realizes that prudent measure of defense which | 


will justify her undertaking a combat, accepting the 
risk of some fortunate shot from the big guns paralyz- 
ing a portion of her armament. Ships have been ex- 
posed to this risk at every period, as oue of the hard 
necessities of warfare. Moreover, it is a danger which 
may be accepted all the more readily if its acceptance 
conduces to insure floating power in presence of tor- 
pedo attack, for even with all the guns disabled the 
ship still floats and can maneuver, steer, and attempt 
a@ram attack, whereas with a large breach in her hull 
she will sink, notwithstanding that her guns are unin- 
jured. 

The experience of late naval actions tends to confirm 
that gained in the old wars, to the effect that even a 
heavy and sustained fire produces comparatively small 
results as far as disabling the guns and their mechanism 
is concerned. It was the repeated destruction of the 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 670. 





November 3, 1888, 








up the big guns themselves, as beyond the require- 
ments of the ease, but there are obvious reasons against 
this proceeding. Where great power is available it can 
be employed as needed. If one motive is removed, an- 
other easily appears. The large gun, as it is able to 
respond to various requirements, will be retained for a 
considerable period, though perhaps applied in smaller 
numbers, as a preventive toa fresh expansion of armor. 
Under many circumstances one bit from a big gun is more 
efficacious than asalvo of smaller projectiles,and for high 
effect at long range no other gun can be substituted, as 
the reduction in thickness of the armor carried by ships 
will not bring about a similar reduction in land de- 
fenses, where weight is of no consideration. 














With the development of new explosives, shell fire 
against the unarmored parts of a ship will be largely 
| used, and the big gun possesses great power in this di- 
| rection ; the calibers of guns will probably be increased 
| to gain greater effect in this nature of fire. Against 
the horizontal armor of the future the large gun is the 
| only one which is likely to inflict serious injury, parti- 
| cularly at short range and with plunging fire. On the 
whole, the abandonment of the big gun would be a very 
ill-advised step. 

The reduction in vertical armor for the protection of 
the guns will enable the horizontal armor to be largely 
increased. Though hotly disputed, Admiral Albini 
thinks there can be little question as to the superiority 
of horizontal over vertical protection. 

If the chief object which armor is intended to sub- 
serve is that of rendering a ship unsinkable and of 
maintaining her motive power in full efficiency, both 
now and also in the future, this result can be attained 
by horizontal armor, while impossible with vertical 
armor, for the simple reason that one system is pene- 
trable by artillery fire and the other is not; at least 
within the limits of a reasonable thickness of plating. 
More than 32 in. of armor is necessary to resist the pre- 
sent guns, and the racking effect of these huge projec- 
tiles is such that a very large addition will probably 
have to be made to the supporting structures in order 
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single hit from the 100 ton gun may produce this sudden 
catastrophe. Nor can it be ho that the disaster can 
be avoided by relying on the small chance of a projee- 
tile hitting the water line, such precision being in fact 
unnecessary. Any one who has witnessed firing trials 
of the 100 ton gun against armor must be convinced 
that even striking a yard above the water line, the in. 
jury will extend to a considerable depth below it, for 
the damage caused is not of the nature of a round hole 
but of a wide breach. With horizontal armor, on the 
other hand, this danger does not exist, as good 4 in, 
steel plating placed 45 in. below the water line cannot 
be pierced under the actual conditions of naval warfare, 
as it is not possible to hit it so as to pierceit. Up to 
2,500 yards there is complete immunity to shot, as their 
path is practically tangential to the surface of the ar- 
mor. At 2,500 yards the angle of impact would be 5 
deg.—insufficient for perforating. Only at 4,000 yards, 
when the angle of descent becomes 15 deg., isany dan- 
ger to be anticipated, but at this distance the attempt 
to fire at the water line is out of question, the chance of 
hitting being 1 in 1,000. 

If, in addition, the armor is surmounted with cells 
45 in. high, filled with gas coke, it will be able to resist 
even the fire of the future giant guns, not only on aec- 
count of the united resistance of the two waterials to 
the energy of the shot, but also on account of the de- 
flecting power which the coke will oppose to the pro- 
jectile at the angles of descent under which they will 
strike its surface. 

Admiral Albini claims that coke is the best substance 
for this purpose, as it can be used as a combustible if 
needed, is of small cost, is not liable to spontaneous 
combustion when packed in inclosed spaces, has only 
one-fourth the weight of coal, and he has proved 
by experiment that it is more resisting than coal to 
the blow of the shot, and tends more to deflect it. 

Notwithstanding these advantages, it will be im:pos- 
sible to stop the rupture of the underlying armor, if a 
highly develo curve is given to it, instead of being 
placed flat. he curved protecting deck gives more 
space for the engines and diminishes the quantity of 
water which can flow into the cellular spaces, but is 
easily perforated, and, as regards keeping the vessel 
afloat, inferior to the flat deck. 

In addition to maintaining the power of floating, 
horizontal protection has the following advantages: 
Greater security against a ramming blow; the ship is 
equally protected throughout her whole length ; gives 
greater freedom to the mode of arranging the armor- 
protected guns; isa measure of defense against high 
angle fire from land guns; economy in cost of protec- 
tion; and lastly, less probability of being struck, as 
the very flat trajectory of modern guns makes it easy to 
hit a vertical target, while a very simall error suffices to 
miss a horizontal one. 

Objections will be raised to the advantages here at- 
tributed to horizontal armor, that if vertical plating is 
no guarantee against the few paws guns now exist- 
ing, it will do better against shells filled with high ex- 
plosives from smaller guns, which will break up against 
the armor before penetrating, whereas in the other 
case they can freely penetrate and develop their full 
explosive effect. ; 

In reply, Admiral Albini points to the increasing 
numbers of very heavy guns now carried. The asser- 
tion, also, that vertical armor is proof against shell is 
not entirely the case. With thesteel shells now in use ar- 
wor of considerable thickness can be pierced even by sec- 
end-class guns, so that, unless recourse be had to com- 
plete protection by means of very thick armor, which is 
inconsistent with the design of a ship of moderate size, 









































gunners of the Huascar which brought about her sur- 
render. It is therefore desirable to make the guns of 
the future automatic as much as possible. By reducing 
the number of men engaged, and substituting ma- 
chinery, the effect of fire will be less injurious. 

The abandonment of excessive thicknesses of armor, 
because incapable of withstanding the power of very 


large guns, will lead naturally to a disposition to give | 
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| to prevent the whole side being forced in. The total 
weight becomes so great as to be inadmissible in prac- 
tice. 

If the vertical armor is perforated, the life of the ship 
is absolutely menaced, not only because the engines. 
boilers, magazines, and other vital organs are exposed, 
| but from the large openings for ingress of water which 
will be formed, hazarding the sinking of the ship. A 








all sitemase to adopt armor as a defense against moder 
shells is illusory. 

Even if it be admitted that vertical armor is a de 
fense against the shells of second and third class guDS, 
its inferiority of protection as compared with hor- 
izontal armor will always be evident, as in the eD 
we are compelled to conclude that a vessel pro- 
tected with vertical armor will be defended against 





a So 


NovemBer 3, 1888. 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 670. 


10699 








_ 


the fire of small shells, but is exposed to being sunk 
by big guns, while horizontal armor is < complete 
tection against both modes of attack. In fact, 

a shell from a 100 ton gun strikes a little above 
the water line, it will in most cases explode in the 
8 above the cellular structures without damaging 
the vital organs of the —_ but if it explodes within 
the cells, experiment has shown that the effect will be 
limited to destroying the covering plating of the cells 
without breaking in the uaderlying armor. Even if 
many shot of this nature should strike at different 
ints of the horizontal zone, they would have no in- 
fluence on the stability of the ship, nor on the proper 
junctioning of the organs of offense, as the cellular belt 
contains no vital organs, and should be considered 
solely asa zone of support to the structure above it, and 
in consequence may be frequently hit without being 
reduced to a condition of not being able to fulfill its 
function, and being also full of coke, may be pierced in 
a hundred places without admitting a sufficient quan- 
tity of water to do any harm. 
In view of the superior wers of resistance to 
the attack of large and small guns which horizontal 
armor has been shown to possess, Admiral Albini 
concludes that it is the form of protection best 








the power of maneuvering or as a substitute when one 
extremity is disabled. 

In conclusion, he holds that the battle ship, far 
from disappearing from the high seas, will become 
more powerful than ever, subject to the following 
modifications : 

Displacement, approximately the same as that of the 
latest battle ships, with symmetrical ends, both pro- 
vided with rudders and screws. 

Great beam, with defense against torpedoes by 
meaus of projecting plating, leaving a free passage to 
the water. 

The hull unsinkable by the fire of heavy artillery | 
means of horizontal steel armor 4 in. thick, placed 
in. below the water line, and covered by a layer of coke 
of equal depth. 

The armament to consist of four guns of great power 
placed in barbettes, two at the bow and two at the 
stern, protected by 13 inches of armor at an angle of 
4 or with an external covering of coke a yard 
thick. 

The central battery to be in two tiers placed high 
above the water line, and to consist of light artillery 





made automatic as much as possible; not less than 
twenty 6 in. and forty rapid-fire guns to be carried. 


Fig.4 








merchant ships. As in this case there will be no 
armor to penetrate, this excess of power is best at- 
tained by the possession of a very large number of 
guns, ranged perhaps in two tiers, the lower com 

of at least twelve guns not exceeding 5 or 6 tons in 
weight, but of large caliber, not less than 10 in., 
specially intended to fire large shells filled with a high 
explosive ; the upper tier to consist of at least twent 
rapid-fire guns capable of being used on either vatew d 
side. They, as a natural accompaniment, possess high 
- ey and an armored deck below the water line. In 
these ships the part above the water will probably be 
constructed so as to be able to receive a permanent 
arrangement of nets as a defense against torpedoes. 
Figs. 4 to 8 illustrate two types which he suggests. 

Smaller vessels of the same type will also be required. 
They will differ but little from the others except that 
they will carry fewer guns. 

The dispatch vessel or naval scout will in the future 
hold a very important position among the smaller class 
of ships. ‘Many persons think that in the dispatch 
vessel everything should be sacrificed to attaining a 
very high speed, and consequently that she should be 
entirely without armament, since every pound of 
weight devoted to this interferes with her possessing 
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Figs. 4,5, and 6. Cruiser with automatic guu- 

mountings and a permanent system of neta A 
‘Armament 30 6-in. gun 

20 57 mu. rapid-fire gunk. 


Total 50 gus, 
Pigs. 7 and.8. Cruiser with adtomati¢ gun 
mountings >“ _ 
Armament 28 6-in. guns. 
12 57 mm. rapid-fire guns 


Tofal 40 cuns. 
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adapted for use in the future. Another modifica- 
tion which will prove both necessary and advanta- 
geous will be that of giving greater maneuvering 
power and greater protection to the propellers against 
the injuriesof torpedoes. The first coalty is rendered 
indispensable in order to remedy in part the defects 
arising from a reduction in the speed, the other is sug- 
gested by the necessity of diminishing the danger of 
the ships being disabled by numerous torpedo attacks 
and of attempts to injure the radder and propellers. 
This necessity becomes evident when we consider that 
the advantages resulting from the prudent principle 
already carried ont for some time of duplicating the 
most important organs of the ship lose half their value 
unless the principle is applied ake to the prapellers 
and rudder. 
_ Aship which is disabled in her means of propulsion 
is irretrievably doomed. That this danger is not re- 
mote is proved by the fact that the results of firing tor- 
oes against a ship in motion show that the tenden- 
cy of errors in aim is to make the torpedoes pass near 
the stern of the ship, and if they explode there, there 
ean be no doabt that the screws and the rudder will be 
disabled, as it is very difficult to properly protect this 
portion of the ship. Admiral Albini considers that the 
t means of avoiding this danger is to make both 
ends of the skip exactly alike, with screws and a rud- 
der at each end, which can be used either for increasing 
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8 , under six hours’ continuous trial, to be about 


twelve knots. 
Admiral Albini’s design for a battle ship is shown by 


1 to3. 

urning to details, Admiral Albini dwells upon the 
necessity of providing adequate protection for the 
commander of the ship, which he thinks can best be 
realized by a number of itions which will conceal 
the actual place of the captain from the enemy. For 
second-class battle ships he suggests a vessel o about 
7,000 tons displacement, and mean speed twenty knots, 
protected by a horizontal deck 2 in. thick, placed about 
5 ft. below the water line, with coal above in cellular 
spaces. She should carry two 10 in. guns, one at each 
end, and forty rapid-fire guns on various superstruac- 
tures, placed at a great height above the sea, to which 
he would add the novel disposition of six mortars able 
to throw to fifty yards distance a charge of explosive 
gelatine 1.000 lb. in weight. 

He finds greater difficulty in determining the form 
and dimensions of the smaller classes of vessels. He 
points out that any endeavor to make these vessels 
capable of engaging larger and more formidable types 
ean only result in failure, and therefore that their 
offensive powers should be —s limited to the per- 
formance of the duties for which they are intended. 

This duty he holds to be principally that of bein 





able to encounter with a great excess of power arm 


that fractional excess of s which will constitute 
her superiority over her adversary. She should never 
stop to accept an action, as that would retard her mis- 
sion, which is to gain and give information. Admiral 
Albini does not support this view, holding that in 
practice it would be very difficult to utilize these mi- 
nute differences, whose effect within the limits of the 
weight of the armament of such a vessel can be neutral- 
ized by the circumstances of the weather, the heel of 
the dle under the effect of the wind, the length of 
time she has been under steam, and other very slight 
causes. To be without any armament would rather 
impede than facilitate the execution of her duties. If 
an unarmed scout meets an armed one,the latter would 
prevent her flying a engaging her, and the small supe- 
riority of — would not enable her to escape the pro- 
jectiles of her adversary. An armament for these ves- 
sels of two 36-pounder guns at the bow and two at the 
stern, mounted together on revolving platforms, would, 
he considers, fulfill all requirements —Hngineering. 








GERMAN engravers and watchmakers get a hardness 
on steel tools almost equal to that of the diamond—it 
is said—by plunging them when white-hot into sealing 
wax, repeating the process until the steel is too cold to 
enter the wax, and then just touching them with oil of 
turpentine, 
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THE SOLOMIAC TORPEDO NET. 


THE unexpected appearance of the torpedo boats in 
fleets of war has not failed to deeply trouble the officers 
whose duty it is to lead the latter to battle. But, just 
as they have protected their wooden vessels by armor 
plating them against the ever-increasfng power of ar 
tillery, just so science, always on the alert, has furnished 
them the means of protecting themselves against the 
tentatives of the torpedo. This idea they owe to Mr. 
Bullivant, an Englishman. Mr. Bullivant’s system 
consists of a metallic net with circular meshes suspend- 
ed here and there from wooden or iron supports, called 
booms, wovable around a hinge, and, when at rest, 
capable of turning down along the sides of the ship, 
while the net rolls up. 

The maneuvering is done by hand, and takes about 
fifteen minutes. The booms, turning around their 
point of attachment, place themselves at right angles 
with the sides of the ship, and are held in this position 


the faces of a piston whose to and fro motion is trans- 
mitted to the boomand stretcher. Asin the brake just 
mentioned, the maneuver of the whole affair is concen- 
trated in the hands of one man, who, by the simple 
play of a lever, in one direction or the other, can as 
the net into the sea or raise it, in a space of time that 
the inventor thinks should not exceed 20 seconds for 
each of the motions. 

Finally, let us add that the apparatus are installed 
in the batteries after the manner of artillery pieces, 
and that the compressed air tubing, which is of small 
diameter, is placed in the vessel just as the water and 
gas pipes are in our houses. 

Upon the whole, the Solomiac process is greatly supe- 
rior to that of Bullivant. While it takes a quarter of 
an hour to put the latter’s nets in position, with the 
help of part of the crew, and while it is possible to use 
them only when at anchor, those of the new system, 
without requiring any personnel, and with a rapidity 
truly remarkable, assume the maximum of possible 





by ropes, while the net, unrolling, falls plumb at six 
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Fre. 1.—SOLOMIAC’S TORPEDO NET. 


ards from the hull, if the ship is stationary. In sail- | 
ng, also, the Bullivant nets can be used at speeds of 
less than four knots per hour, but their efficacy then 
rapidly decreases. Suspended simply from the booms, 
they are drawn toward the stern, are brought to the 
surface, expose the hull, and form around the vessel a 
confused mass which weights it and risks engaging 
with the screw. 

This mode of protection presents another inconven- 
ience, and that is the relative slowness with which it is 
put in place, and which makes it necessary to perform 
the operation in advance, in provision of future attacks, 
no recourse to it being possible if the ship is unexpect- 
edly assailed. 

These defects of the Bullivant process, which, along 
with the slowness that it gives the ship, threaten to 
make the use of it discontinued, have attracted the at- 
tention of a Frenchman, Mr. Solomiac, who has studied 
the problem, and who seems to us to have very well 
solved it by singularly improving the English invention, 

In his system, the booms, when not in use, are placed 
within the vessel. They slide between two guides, 
thus permitting of their being pushed out to their 
proper position by a simple movement forward through 
special portholes, or of being drawn back into the inte- 
rior by a contrary motion. They form a horizontal 

lane at about a yard and a half above the float water 
ine, and are arranged parallel with one another at the 
central portion of the vessel, but spread out like a fan 
at the extremities. 

The net completely envelops the ship at a distance 
of 23 ft., when in position. When not in use it lies flat 
against the planking. The meshes are rectangular, and 


this permits of the net being folded, after the manner 
of Venetian blinds, with very great rapidity. 

The net is not only held above by booms, but below 
also by metallic pieces called stretchers, which unfold 
and fold up like the booms under which they lie when 
at rest. 


The net, thus fixed by its edges, cannot fall to 
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Fie. 3.—COMPRESSED AIR APPARATUS. 


the rear when the shipis in motion, as in the Bullivant 
system, and remains like a curtain, even should the 
speed be 10 or 12 knots. 

The stretcher, the booms, the guides of the latter, 
and the parts producing motion form a single appara- 
tus capable of pivoting around journals placed near the 
ae thus permitting of immersing the net in an 
nstant to six feet greater depth, should such a maneu- 
ver become necessary, and of thus protecting a region 
situated much deeper below the float water line with- 
out an increase of the height of the metallic curtain. 

Motion is produced by compressed air furnished by a 
reservoir of small capacity. As in the well-known 
Westinghouse brake, this air is distributed between the 
various apparatus by a system of tubing, and acts upon 








protection by a maintenance of the rigidity of the 
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Fie. 2.—SOLOMIAC’S TORPEDO NET. 


whole, whether the ship be sailing or at anchor.—La 
Nature. 





(Continued from SupPLeMENT, No. 669, page 10684.) 
COVERED RESERVOIRS.* 
By CuHAs. H. Sway, Civil and Sanitary Engineer, 
Boston, Mass. 
METHODS OF CONSTRUCTION. 

A COVERED reservoir does not usually present any 
serious difficulty to the engineer. It should be built of 
materials that are durable and which are not liable to 
injure the quality of the water. Iron has been used for 
silos, girders, or covering ; but its use is to be avoided 
on account of its liability to corrosion. Small reservoirs 
may be covered with ordinary roofs or sheds; but 
these do not usually afford a sufficient protection 
against the heat. The best and most usual covering is 
of masonry or brickwork covered with a thin coating 
of asphalt to prevent the percolation of surface drain- 
age, and by a layer of earth. The numerous covered 
reservoirs near London are mostly built in this way. 
It is usual to provide numerous ventilators. 

The shape and constructive details are greatly de- 
pendent upon local conditions. The following types 


are common: 1. A circular reservoir covered with a flat | 


dome. 2. A circular reservoir of larger size divided by 
circular walls into several annular compartments, each 
of which is arched. 3. A rectangular reservoir divided 
longitudinally by straight walls into several compart- 
ments, each of whichisarched. 4 A reservoir covered 
by groined arches supported upon masonry piers. 
There are also variations of these types made by using 
iron. It is very common to make openings in the divi- 
sion walls, thereby uniting two or more compartments. 
In some instances these openings are so extensive that 
the wall becomes virtually a series of piers. 

It would extend this paper to unwarrantable limits 
to attempt a description of the details of reservoirs of 
these various types, but it will be interesting to give 
deseriptions of two covered reservoirs recently con- 
structed at Mulhouse, Germany, and of the two-story 
reservoirs of Paris, which consist of one covered reser- 
voir superimposed upon another. 

MuLHousSE.—This city is situated between the source 
of supply and the hill upon which the reservoirs are 
built ; the water being pumped directly into the dis- 
tribution pipes.+ Its topography requires a high ser- 
vice as well as a low service system. The low service 
reservoir isso placed that its bottom is 35°85 meters 
(117°6 ft.) and its maximum water level is 39°65 meters 
(130 ft.) above the mean level of the streets. The high 
service reservoir situated 50°88 meters (167 ft.) above the 
low service reservoir, furnishes water to a limited sub- 
urban district containing a population of only 130 per- 
sons ; about one-third of the area of the high service 
district being cultivated as gardens. The upper reser- 
voir is supplied by pumps from the lower reservoir. It 
has a capacity of 1,800 cubic meters (475,000 gal.), which 
is the estimated maximum consumption for one day. 

The low service reservoir has a capacity of 10,000 
cubic meters (2,640,000 gal.), which is about two-thirds 
of the maximum daily consumption. It is excavated 
in the earth, arched over and covered with earth. It 
is formed of two perfectly similar compartments, each 
being 38°6 meters (126°6 ft.) long and 35°2 meters (115°4 
ft.) wide. The walls on the sides which receive the 
thrust of the arches have a thickness at the base of 2°5 
meters (8°2 ft.) reduced by steps to1°35 meters (4°4 ft.) at 
the top. The walls on the other sides have a mean 
thickness of 1°15 meters (3°9 ft.). The wall separating 
the two compartments is 2 meters (6°6 ft.) thick at the 
base and 1°5 meters (49 ft.) at the top. 

The covering arches are cylindrical, and are built of 
brick and cement in circular segments of 5 meters (16°4 





* From the Journal of the New England Water Works Association, 
Sept., 1888. 
+ Bulletin de la Societe Industrielle de Mulhouse. Nov., 1887. 





ft.) 8 
in.) thick at the sprin 


n and 1°2 meters (3°9 ft.) rise. They are 35 em. (14 
and 23 cm. (9 in.) at the key. The 
intermediate walls which support the arches are them. 
selves pierced with arched openings which allow commn. 


nication between the different bays. The pillars whieh 
are left between these openings are of brick and cement 
masonry. The skewbacks are all of cut stone. The 
exterior walis are of rubble masonry laid in hydraulie 
lime and lined with brickwork. The bottom is formed 
of a bed of concrete of hydraulic lime 35 em. (14 in.) to 
85 em. (38344 in.) in thickness, covered with a course of 
bricks laid on edge in cement. The faces of the walls 
and pillars, the bottom of the reservoir and the intrados 
of the arches are covered with asmooth plaster of Port- 
land cement 2 cm, (1 in.) in thickness, all the angles being 
rounded. The bottom has a grade of 0 002 toward the 
drainage openings. The extrados has received a coy. 
ering of cement 3 cm. (1} in.) in thickness and has been 
covered with one meter (3°83 ft.) of earth. Drainage 
pipes are laid in the hollows of the arches to lead off 
the water of the soil. The walls on two sides are coy- 
ered externally with a sloping embankment and turfed, 
The earth covering the top of the reservoir is cultivated 
as a garden, aud is used as a public promenade. The 
interior of the reservoir is aerated by 27 ventilators 
emerging from the soil, and covered with caps of gal- 
vanized sheet iron, so arranged that nothing can be 
put in from the outside. ; 

The influent pipe, which is also the effluent pipe, 
divides into two on reaching the reservoir, and each 
branch runs to the middle of one of the compartments, 
This arrangewent is to facilitate the circulation of the 
water in the reservoir, whether it is flowing in or flow- 
ingout. A pipe 50 cm. (20 in.) in diameter, with a valve, 
passes through the division wall and permits a commu- 
nication between the two compartments when desired, 
The depth of water is 3°8 meters (12°5 ft.). There is an 
overflow pipe and a drainage pipe in each of the two 
compartments. These pipes unite in a single one of 25 
em. (10 in.) diameter, outside the reservoir, discharging 
into a sewer, after passing a trap which prevents any 
emanations from the sewer from entering the reservoir, 

All the pipes issuing from the reservoir pass through 
a chamber, in which are the valves. The facadeof the 
structure forming this chamber is an lonic portico in 
white stone, surmounted by a balustrade at the level 
of the top of the reservoir. The interior of the reser- 
voir is entered by means of two circular iron stairs 14 
meters (4°6 ft.) in diameter. Toreach the top of the 
reservoir, in coming from the city, there is a stone stair- 
case of several flights built in the slope of the embank- 
ment. 

The high service reservoir is also excavated in the 
earth and covered with a meter of soil. It is in two 
compartments of 16 meters (52°5 ft.) by 17°53 meters 
(57°5 ft.) each, which are divided into 4 bays 4 meters 
(13°1 ft.) wide by means of walls of brick and cement 50 
em. (20 in.) thick. These walls have openings 4 meters 
(13°1 ft.) wide alternately at their extremities, so that 
the water, being led to the side opposite that at which 
it will flow out, has to traverse all the bays before 
reaching the orifice of exit. Stagnation of the water is 
|thus prevented. This precaution is necessary in a 
| reservoir of this kind, where the quantity of water to 
| be supplied is very small, and even nothing during sev- 
|eral consecutive days. The least work of the pumps 
|thus sets in motion all the water contained in the 

reservoir. 

The walls forming the sides have a thickness of 2°50 
| (8°2 ft.) to 1°75 (5°7 ft.) meters, those of the ends 1°15 
| meters (3°8 ft.) The arches supported by the interme- 
| diate walls and by the longitudinal walls have a span 
of 4 meters (13°1 ft.), 75 em. (30 in.) rise, 37 em. (144¢ in.) 
thickness at the springs and 23 cm. (9 in.) at the keys. 
They are in brick and cement. The bottom is formed 
of 30 cm. (1 ft ) of concrete and 15 em. (6in.) of brick on 
edge. The interior linings and the ventilators are like 
| those of the lower reservoir. The division wall across 
|the middle of the reservoir is 1°5 (4°9 ft.) meters thick 
throughout its entire height. The maximum depth of 
water is 3°5 meters (11'5 ft.). 

The influent pipe, after having passed the gate cham- 
ber, crosses all the bays of the interior and ends at the 
opposite longitudinal wall, where it turns upward by 
an elbow to the high water level. The effluent pipe is 
at the level of the bottom of the reservoir, but a pit 
45 em. (18 in.) deep is constructed at its inlet in order 
jthat it may net draw out any deposits which might 
| have formed on the bottom of the reservoir, The four 
overflow and drainage pipes unite ina single one of 15 
|em. (6 in.) diameter, which discharges into a rivulet. 

PARIS.—Among the most notable, are the two-story 
covered reservoirs at Paris. This city derives its water 
supply from several distinct sources; from the river 
water of the Seine and the Marne; from the Canal de 
rOureq ; from artesian wells; and from springs. The 
waters from these different sources vary much in qual- 
ity; that from artesian wells and springs being the 
purest. Spring water is brought by the aqueducts of 
Arcueil and of Belleville, but mainly by the new aque 
ducts from the upper waters of the Dhuis and the 
Vanne. The former supplies reservoirs at Menilmont- 
ant and Belleville in the easterly part of Paris; the 
latter supplies the reservoir at Montrouge in the south- 
ern part of Paris. 

Reservoir of Menilmontant.—This reservoir receives, 
in two separate parts, the water from the Dhuis and 
the water from the Marne.* The capacity of the re- 
servoir receiving the water from the Dhuis was fixed at 
2°5 times the daily discharge of the aqueduct, or at 
about 100,000 cubic meters (26,400,000 gals.). It was not 
easy to find a suitable location for so large a structure 
at Paris. The high land on the right bank of the Seine 
is underlain with formations of gypsum, and this ma- 
terial has been so extensively quarried that nearly all 
the land not built upon is wanting in solidity. Aftera 
long search, an undisturbed site was found at Menil- 
montant, but consisting of the worst material, the 
green clay of Montmartre. Solid foundations were 
reached at a depth of 6 or 7 meters (20 to 23 ft.) In or- 
der not to be obliged to purchase a separate site for 
the reservoir to receive the water from the Marne, it 
was decided to establish this latter in the spaces be- 
tween the long pillars forming the foundation of the 
eget for the water from the Dhuis, by excavating 
the clay. 

The reservoir of Menilmontant consists consequently 
of two stories, each of which is divided into two com- 











* Belgrand. Les travaux souterrains de Paris, V. 4. 








4 
ie 
. 


i i re a i ae 


Se eS ome 








NoveMBER 3, 1888. 





SCIENTIFIC AMERICAN SUPPLEMENT, No. 670. 





10701 














7 The two 1 part ts, of 

twents. The two lower com ments, of a capa- 
rey of 28,500 cubic meters (7,500,000 gals.), receive the 

water from the Marne, raised by the pumps at Saint- 

Maur. Their overflow is at the elevation, 100 meters 

(828 ft.) The two upper compartments, of a capacity 

of 100,000 cubic meters (26,400,000 gals.), receive the 

water from the Dhuis and from the spring of Saint- 

Maur. Their overflow is at the elevation 108 meters 

(354°3 ft.) The useful area of the reservoir is 2 hektares 

(5 acres). Its cost was about 28 francs per cubic meter 

of useful capacity. It was begun in August, 1863. The 

water from the Dhuis was introduced into the reservoir 
in October, 1865, and the water from the Marne in Janu- 
ary, 1866. The reservoir was most carefully construct- 
ed. Its failure would be attended with disastrous con- 
sequences, from its proximity to a dense population. 

Some of the more important details of this reservoir 
are as follows : 

The shape of the upper reservoir isa semicircle, united 
with a rectangle. he diameter of the semicircle, 
which is 188 meters (617 ft.), forms the long side of the 
rectangle, whose other dimension is 42°5 meters (139°4 
ft.) Itisdivided in two equal and symmetrical compart- 
ments by a division wall, following the radius perpen- 
dicular to the long side of the rectangle. The walls of the 

rimeter have a thickness of 1°4 meters (4°6 ft.) at top. 

he interior batter is 1 in 5 for the portion of the wall 
below the earth. Above the surface the exterior face 
is vertical. The interior faces are vertical, but are 
joined with the bottom by an are 2 meters (6 6 ft.) in 
radius. The bottom is formed by a system of semi- 
circular groined arches, for the part which covers the 
reservoir of the Marne, and in segmental groined arches 
for the other portions. 

The intrados of these latter rests upon the marl or 
clay. The arches are of rubble masonry, 35 cm. (14 in ) 
thick at the key. The reservoir is covered by groined 
arches, composed of two courses of bricks laid flat in 
cement. They rest upon pillars, 60 cm. (2 ft.) square 
and 6 meters (20 ft.) between centers. These pillars 
rest upon those forming the foundations of the bottou. 
The brick arches are about 8 em. (314 in.) in thickness, 
including the plastering. They are covered by a layer 
of earth and turf, 40 em. (16 in.) thick. The effluent 
pipes are 1 meter (39°4 in.) in diameter, and are so ar- 
ranged that the supply may be drawn from either com- 
partment or from the aqueduct. This reservoir may be 
emptied into that of the Marne, and its overflow pipe, 
which is placed 5 meters (16°4 ft.) above the bottom, 
also discharges into the latter reservoir. 

The reservoir for the water from the Marne occupies 
only the central portion of the sub-basement of the up- 
per reservoir. Its form is a rectangle, whose larger di- 
mension, parallel with the front, is 104 meters (341 ft.), 
the other dimension being 90 meters (295 ft.) It is di- 
vided into two equal and symmetrical compartments 
by the division wall above mentioned. The inclosing 
walls are placed in the middle, and follow the direc- 
tion of ranges of arches supporting the upper bottom. 
They are 1:2 meters (3°9 ft.) thick, with vertical faces ; 
the interior face being joined with the bottom by an 
arc 2 meters (6°6 ft.)in radius. Their top forms a gal- 
lery, which allows free passage around the basins, The 
bottom follows the natural surface of the gypsum; its 
thickness being 30 cm. (1 ft.) The pillars which sup- 
port the arches are 1°25 meters (4°1 ft.) square at the 
springs and 1°75 meters (5°7 ft.) at the bottom. The in- 
fluent pipes are arranged to discharge into either or 
both compartments at pleasure. The effluent pipe is 
80 em. (31°5 in.) in diameter, and is so arranged that 
the supply may be furnished by either or both com- 
partments. The walls are of rubble masonry. The in- 
terior surfaces are plastered with cement mortar. 

Reservoir of Belleville.—This reservoir} is situated, 
at a higher elevation than the one at Menilmontant, on 
the hill at Belleville. It is designed in two stories and 
four compartments, but only one-half has been con- 
structed. The upper compartment, of the capacity of 
6,239 cubie meters (1,600,000 gals.), receives the water 
from the Dhuis. Its overflow is at the elevation 134°40 
meters (441 ft.) The lower compartment is supplied by 
the water of the Marne; its capacity is 11,765 cubic 
meters (3,100,000 gals.) and its overflow is at the eleva- 
tion 131°10 meters (480 ft.) 

This reservoir occupies a very threatening position. 
It isentirely above ground, and is built upon a steep 
hill of fine sand. The greatest care was taken in its 
construction. Standing upon such a foundation, it is 
exposed to peculiar danger in case of accident, and the 
consequences of its failure would be incalculable. It 
was begun in September, 1863, and was finished in De- 
cember, 1864. Including the residence of the custodians, 
it cost about 26 franes per cubic meter of useful capa- 
city. 

Reservoir of Montrouge.—The capacity of this reser- 
voir is 300,000 cubic meters (79,250,000 gals.) It was 
constructed on the same system as those at Menilmon- 
tant and Belleville, and cost about 20 franes per cubic 
meter of water stored. It is in two stories, each of 
which is divided into two compartments. The reser- 
voir is rectangular and its details are similar to those 
of the reservoir of Menilmontant. It is supplied with 
water from the Vanne and contains about three times 
- average daily discharge of the aqueduct from that 

iver, 
GENERAL CONCLUSIONS. 

The question as to the necessity of covering a reser- 
Voir must mainly depend upon local requirements and 
conditions. Asa general guide, it may be said that if 
the supply is from subterranean sources, or if it must 

stored after being filtered, a covered reservoir is 
necessary, and that when a reservoiris amid smoky 
Surroundings it should be covered. If the supply is 
from a river or lake, a covering is desirable, if the 
reservoir must needs be shallow. If the reservoir is 
deep, of large capacity, and not amid smoky surround- 
ings, the necessity for covering diminishes and the 
question merges into one of cost. In the case of large 
Storage reservoirs the expense of covering is generally 
prohibitory. 

The best and most usual method of covering is we | 
arches of masonry or brickwork, coated on the top wit 
asphalt, and covered with two or three feet of earth, 
which may be turfed. Ventilation is important. 


DISCUSSION. 
The President. The subject is now open for discussion. 





Mr. Allis. I should like to ask how the foundations 
ae built for that reservoir which was placed on the 
sand. 
Mr. Swan. The description of the reservoir I had 
access to did not go into details. The hill was formed 
of fine sand, which might have beem wind-blown, and 
although the details would be interesting, I am unable 
to fe into them at present. 

r. Fitzgerald. think we must have all enjoyed 
this paper on covered reservoirs. The subject is certainly 
one of great importance, and I believe it will attract 
more and more attention in this country as time goes on. 
I have always been, or at least for eight or ten years, 
an advocate of covered reservoirs for small supplies. 
I think perhaps the town of Brookline, which is now 
seriously considering the subject, will be the pioneer 
in the matter of covered reservoirs in this coun- 
try. Certainly, there is great necessity in Brookline 
for something of the sort. I am sorry Mr. Forbes is not 
here, for he could tell you how serious the trouble with 
the water has been because of the exposure to the air 
and light. Perhaps Mr. Swan can give us some statis- 
tics in regard to the cost per gallon of the reservoirs of 
which he has spoken in his paper. I think it was stated 
the cost per cubic meter was 26 francs—a little over five 
dollars. I should like to know if he has any other 
figures of the kind that he can give us. 

Mr. Swan. The figures of cost are given in that way 
for the French reservoirs. The figures given for some 
English reservoirs are £5,000 per million gallons of use- 
ful capacity. 

Mr. Fitzgerald. There is another question I should 
like to ask the writer of the paper, and that is, if there 
are many of these circular reservoirs with annular 
spaces which are arched over, and also whether that is 
the favorite form of construction on the other side of 
the water ? 

Mr. Swan. Ionly think of two, and they are both in 
the vicinity of London. One is covered with rings of 
masonry arches, springing from wrought iron girders, 
bent into rings of great diameter and resting upon 
brick piers ; and the other is covered with arches of 
hollow bricks resting upon iron beams, which reach 
from the center pier to the sides. They were originally 
open reservoirs and were afterward covered. 

Mr. Hawes. Does this covering of reservoirs interfere 
any with the aeration of the water? We have hada 
very interesting and convincing paper on that subject, 
and now we are told that we ought to cover the reser- 
voirs. Isn’t it necessary to have the sunlight in the 
aeration of the water, and don’t the two things con- 
flict ? Here we have very strong arguments in favor of 
aeration, and then arguments equally strong for cover- 
ing the reservoirs. 

Mr. Swan. The aeration of the water is provided for, 
to a certain extent, by means of the ventilating chim- 
neys. The introduction of the sunlight would intro- 
duce a disturbing element which would cause the 
development of vegetation, and neutralize the benefit 
which would be derived from covering the reservoir. 
Ido - think the two things are necessarily to be asso- 
ciated. 

Mr. Hawes. I would like to have Mr. Babcock’s 
opinion on that. 

Mr. Babcock. Aeration is a chemical process, and I 
do not see where the connection between the action of 
the sun and aeration comes in at all. 

Mr. Hawes. Don’t you get the heat of the sun in 
your aeration* process fully as much as any other ele- 
ment ? 

Mr. Babcock. No, sir: the heat of the sun is not 


rates, and the only practical way to obviate that is to 


have a cove reservoir, not too large in capacity, so 
that there can be a very quick circulation of the water 
in the reservoir. I suppose the necessity for aeration 
in such a case is,comparatively small. It seems to me 
the only object of chimneys is to provide for a certain 
awount of circulation of air over the water. In regard 
to the question that Mr. Tidd has raised, which I think 
is an important and interesting one, as to the amount 
of air or oxygen combined with water in natural filter 
galleries, I would like to ask Prof. Drown, who has 
made a great many analyses throughout Massachusetts, 
if he has found that water from underground sources 
has more oxygen in it than water in open places has. 

Prof. Drown. It has not been within the scheme of 
the analyses made under the direction of the Massachu- 
setts State Board of Health to determine the oxygen in 
waters. I may remark that there is a little misconcep- 
tion with regard to the aeration of waters and what it 
really means. If a water is perfectly pure, that is to 
say, contains no organic matter, there is no particular 
object, as I see, in aerating it; in fact, the aeration 
will generally take care of itself. If you agitate water 
it will take up the air rather more quickly than if it is 
only exposed on the surface, but at the same time, 
water that contained no air, if exposed to air on the 
surface without agitation, would in time take up its 
due and normal amount. Now, if we have a ground 
water from which the organic matter has already been 
removed by filtration, and which is fairly well aerated, 
as many of such waters are, certainly shallow ones are, 
there would be no object while storing it in a covered 
reservoir to give it such access to the air. The amount 
of air that will remain in it is dependent upon the 
temperature ; the higher the temperature the less air, 
the lower the temperature the more air. In aerating 
surface waters the idea is oxidation. If you have a 
surface water which is well aerated and perfectly pure, 
that is to say, reasonably free from organic matter, as 
the mountain stream would be, there isno need to 
aerate it, for there is nothing to oxidize, 

Now, when these waters get into open reservoirs, as 
has been explained before the Association heretofore by 
Mr. Stearns, it is there an entirely different matter. 
That is to say, the growths are probably dependent 
upon substances in ground waters which are not pres- 
ent in surface waters. I am somewhat in doubt as to 
the influence of the brown coloring matter in the sur- 
face waters, whether that prevents the growths which 
we find in the clear filtered waters when confined in 
uncovered reservoirs, and which is a matter of common 
observation. But, certainly, the nitrites which we 
find very largely in ground waters supply the food for 
the alge, which grow and decompose, and probably to 
this cause is due the offensive smell in the waters that 
come from this source. Surface waters, when con- 
tained in large open reservoirs, of large capacity and 
of great depth, do not develop the class of odors which 
we associate with the uncovered reservoirs containing 
ground waters. 1 think this distinction ought not to 
be overlooked, that the disagreeable odor in ground 
waters in uncovered reservoirs is not that unpleasant 
odor, and has no similarity with it, so far as my experi- 
ence goes, that we find in surface waters contained in 
large ponds. 

Mr. Fiteperalé. If what Mr. Babcock has stated here 
is correct, and aeration of the water by passing over 
weirs does remove the color, it is of extreme value to 
the profession to know it. 

Mr. Babcock. In the case of my canal, we havea 
precipitation in the ponds as wellasin the canal. Of 





necessarily an adjunct to achewical process. Aeration 
would go on just as well in the dark asin the light. 

, oy Hawes. Would it be as purifying asin the sun- 
ight ? 

Mr. Babcock. I think it would be better without 
the influence of the sun than it would with it. We 
know very well that subterranean sources of supply 
are considered pure, and the genera: conclusion is that 
it is due to aeration in this way: That the particles of 
air permeate the earth, and the water, in passing 
through it, takes up the oxygen, and the chemical pro- 
cess goes on. I do not see any connection between 
the action of the sun and aeration, which is purely a 
chemical process. 

Mr. Tidd. I suppose it is a well known fact among 
all who have anything to do with subterranean water, 
that it is more aerated than the water in streams and 
ponds. Those of us who have anything to do with the 
pumping of it know that we experience more trouble 
with it than with any other water, on account of the 
accumulation of air in the vacuum chamber--—the wa- 
ter being so much aerated when it comes under the 
vacuum, that the air is extracted till it fills the vacuum 
chamber to such an extent that it comes through the 
pumps in bunches, and that is one of the worst obsta- 
cles we have to contend with. As Mr. Babcock says, 
I can see noconnection between aeration and sunlight. 
My observation is that the water can be aerated in the 
darkest places that can be conceived of. 

Mr. Babcock. I seem to have another ally to help 
me carry my point. 

Mr. Rice. Isn’t it questionable whether the means 
Mr. Swan speaks of as being adopted in the reservoirs 
he refers to for producing aeration are effective or not ? 
He says it is done by means of chimneys. These chim- 
neys are simply openings by which there is connection 
between the inner air ere covering the surface 
of the water and the outer air of theatmosphere. Now, 
is there any way of producing the circulation of the 
air? Chimneys, it seems to me, are vents, but are they 
ventilators ? They let the air in, but do they provide 
means to induce it to goin? Air simply in contact 
with the surface of the water is not going to mix to any 
great extent with the water itself. That can only be 
done by agitating the water, or by, in some manner, 
passing the air beneath the surface of the water, and 
then, by its own buoyancy, it will pass up through it, 
and thereby communicate or disseminate itself through 
the particles of the water. I do not see how the mere 
presénce of chimneys can aerate the water. 

Mr. Fitzgerald. The water taken from a filter gal- 
lery, as in the case of Brookline, of course, we all know, 
is remarkably pure, and the main thing is to be able 
to deliver it to the consumer in the same condition. 
If it is exposed in an open reservoir, it rapidly deterio- 





* Evidently aeration is here confounded with oxidation. 


course, the influence of the oxygen upon the matter 
held in suspension creates a perceptible change in the 
precipitate. 
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(Continued from SurrLEMENT, No. 669, page 10686.) 
ON VARIABLE LOAD, INTERNAL FRICTION, 
AND ENGINE SPEED AND WORK.* 


By RoBERT H. THURSTON, Ithaca, New York, Member 
of the Society. 


Fie. 7 is especially interesting and instructive as 
exhibiting the variation of internal friction of engine 
with change of engine speed. The plate shows this 
variation as determined by test of four engines: the 
Jarvis engine, under two sets of conditions; the 
straight line engine; the 8 * 12 automatic engine; 
and the tandem compound engine. The first named, 
when working unloaded, gradually increases its fric- 
tion resistance as speed increases, irregularly, but ap- 
proximately as a direct function of the speed, and gives 
a lower total at all speeds than the loaded engine at 
similar speeds. The difference is small, but is sufficient 
to be easily detected and measured. The same engine, 
when loaded, gives an increase of internal friction pro- 
portionally with increase of speed, up to about 500 
revolutions per minute, then, changing its rate of 
increase, preserves the new rate up to its limit of velo- 
city, above 600 revolutions per minute. The speed 
attained light, 912 revolutions, is mage | the highest 
speed at which any engine has ever yet been given a 
systematic trial to determine these quantities. Curves 
land 2 of the straight line engine are irregular, and 
too much so to reveal any definite law, taken by them- 
selves, but, taken with the other evidence presented, 
may be considered as fully corroboratory of the con- 
clusions deduced. Test No. 3 gives a very regular and 
satisfactory curve, and this accords perfectly with the 
others in exhibiting the law of variation of friction 
with engine speed. The full line drawn through this 
group of observations is considered as fairly representa- 
tive of the mean result of all tests on this engine, and 
is a straight line, the representative of the law previ- 
ously discovered and stated. The curve for the 8 x 12 
automatic engine is anomalous, and differs from every 
other curve obtained, in falling with rising speed. It 
is evident that this engine differs, in some respects, 
from all ordinary engines in its law of variation of 
internal friction with engine speed. The smoothness 
of the curve would indicate that this is a real attribute 
of this engine, and not a mere accident of the time or 
of the construction of the machine. It would be inter- 
esting to push the trials of this engine farther, and to 
ascertain what is the final outcome of this apparent 
anomaly at higher speeds, and also to learn where the 
lower limit of the curve comes into view. The tandem 
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* Debauve. Manuel de l’ingenieur des ponts et chausees, fasc. 16. 
t Belgrand, Joc. cit, 





Experiments by the English River Pollution Commissioners show that 
oxidation is most active in sunshine and almost ceases at night.—Editor. 





* A paper fnew 
Society of Mechanical Engineers, Advance sheets fro: olume x., 
Transactions, 
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compound shows precisely the same geveral law as the | tions of maximum total and commercial efficiency 


other forms of engine, but it is subject to less variation 
than any other, the curve slowly rising, as the speed 
increases, throughout the whole range of experiment. 
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for 
every engine to which it may be attempted to apply 
that theory. The solution of the problems thus aris- 
ing in the introduction of the more commonly eim- 


ployed engines has an extraordinary importance for 


All these variations of engine friction have an im- 
the engineer, and especially for the builder and for the 


portant bearing upon the theory of the true commer- 


Steam Pressures in 





Frictional Horse Power 


Fia. 6. 


It is so important a matter| user. Neither can intelligently select and operate an 
engine in any given locality, or under any given set of 
external conditions, so as to secure highest efficiency, 
without first solving this class of problems in relation 


cial efficiency of engines. 
that no correct or satisfactory theory of the steam 
engine can be constructed until the influence of this 
form of loss and waste can be determined and can be 
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Fra. 7. 


introduced into the general treatment of that subject. | to that engine or class of engines. Rankine’s graphi- 
There thus remains for investigation the mathematical | cal method, as modified by the writer, and as applied 
theory of efficiencies of the steam engine as affected by | to modern engines in the manner shown in earlier 
friction wastes, and the determination of the condi-| papers presented to the American Society of Mechani- 


— o 


to 4—- _ 
| Tandem C 4x2 21 x @ New T 


+. | 
by Lansing 


orks | | 


| 
ations marked | 4)/| 


Compqund Condensing Engine 12 x 
+ + + — —} +— 

, | 
++ 

| 


and 21 x 
ats cae — 2 
| Lansing Iron Works 
—~ — —_+— 
| | 


observations marked 
Qn en 





12x 18 Automatic New 
Lansing Iron Works 


an ws a 
SS 





—— 
—_ 


Satis. 
these pro- 


cal Engineers, supplied the most convenient ond 
factory method of effecting the solution of 
blems.* 


Fig. 8 similarly illustrates the variation of engine 


friction with variation of the point of cut-off and rat 
In all three cases taken, vie 


of expansion. the variation 





Fia. 8. 


of internal resistance of engine is visibly altered by 
the variation of the expansion, slowly but observably 
rising with diminishing expansion. The same engine, 
tested by the two pairs of observers, in 1887 and 1888, 
shows different absolute magnitudes of friction, the en- 
gine having had a year’s work in the interval, but the 
law of variation is the same and the rate of variation 
isnearly equal in both cases, although the friction is 
seen to be more nearly constant in the first set of trials, 
In the third curve also, that in which the work on the 
7 X 10 traction engine is illustrated, the same law and 
the same rate of variation shown by the first of these 
trials, 1887, are exhibited. All show plainly the fact 
that, other things equal, the friction of the engine 
varies slightly with change of ratio of expansion, the 
amount increasing as the point of cut-off is advanced 
and the engine is set to ‘“‘follow” further. It must be 
kept in mind, however, that the ratio of friction of en- 
gine to total power of engine is continually varying in 
the opposite direction, and it does not at all follow 
from these observations, as here graphically illustrated, 
that the shorter cut-off and lower powers of engine 
are, on the whole, more economical than the higher. 
The irue point of maximum economy and efficiency, all 
conditions being regarded, can only be ascertained by 
the application of the determined facts in the complete 
theory of the several efficiencies of the engines studied. 

Fig. 9 is the graphical summary of the work done to 
ascertain the method and extent of variation of the 
friction of the engine with change of load, other con- 
ditions being, so far as possible, retained constant. 
The lowest curve on the plate is that obtained from 
the work on the Jarvis engine, and is considerably lower 
than any other, absolutely and relatively. It is a 
straight line, is parallel to the axis of abscissx, and 
indicates constant waste by friction, at all loads and 
powers. The next curve is that of the 8 x 12 automa- 
tie engine, which is much more variable and less satis- 
factory as a measure of the true loss; but it gives a 
mean, as shown by the full line, very nearly representa- 
tive of constant friction ; the same is true of the 7 x 10 
traction engine and of the 7 x 12 straight line engine. 
All give a mean which is practically independent of 
the power exerted by the engine. The widest range of 
work is that obtained with the compound condensing 
engine, and extends from zero up to nearly 100 H. P., 
the brake being the measure. This also gives some 
irregularity of result ; but its mean is a constant at all 








* Trans., vol, ii., p. 125; vol. ii., p. 245. 
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Tandem Compound Engine 


of the 
DELTA LUMBER COMPANY 
Built by the 
LANSING IRON AND ENGINE WORKS 


Card No.7, 


High Pressure 











45 Spring. 160 Rev's 
Steam Pipe 2 
60.13 /.H.P, 


low Pressure 
20 Spring 












21.95 1.H.P. Total 1.H.P.82.08 


Card No.10 


High Pressure 











40 Spring, 159 Reuts 
Steam Pipe 24% inch 
60.86 1.H.P, 


low Pressure 
20 Spring 









powers, and is independent of the load on the engine, 
so far as can be detected in this series of observations. 
Finally, the compound tandem engine, a new engine, 
naturally gives a high measure, comparatively, of the 
internal loss by friction; but the law is seen to be 
nearly the same for variation of load, and its operation 
confirms the deductions previously drawn from all 
other work of this character which the writer has been 
able to offer. In both of the compound engines, how- 
ever, there is some evidence of a tendency to reduce 
friction slightly as the power is ine d,a change 
contrary in direction to that detected in other cases ; 


(See Figs. 10 and 11.) 
TABLE X. 
THE JARVIS ENGINE. 7°X7". 
Friction with speed and load variable. 






































24.58 1,H.P. Total LH.P 85.44 
Cards b; 


R.C:‘CARPENTER & @.B.PRESTON 
Fie. 10. 
Tandem Compound Engine 
of the 
DELTA LUMBER COMPANY 


Built by the 
LANSING IRON AND ENGINE WORKS 


Card No.!4 


High Pressure 









40 spring.160 Rev’s 
Steam Pipe 23< inches, 
61.48 /.4.P, 


Low Pressure 
20 Spring 








25.29 1.H.P. Total /:H.P, 86.67 


Card No.A. 











High Pressure Engine doing regular work, 
40 spring.190 Rev’s 
Steam Pipe 5 in. 
76.31 /.HP. 










Low Pressure 
20 Spring. 50:79 1.H.P. 











a 
18.67 lbs.per brake H.P. 
Total /.H.P.127.10,Water rate from Card. 


Cards by 
B.C.CARPENTER & G.B.PRESTON 
Fra. 11. 











Nogovernor. Speed variei by the throttle. Steam 
pressure constant at 80lb. Trial No. 2. 
M. E. P. I. H. P. 

3\ —— ——— a: 
je a oe | og 
S| 2s Hig 
Si sFi g | @ west ee 2 

. Fas] — 
ss /E/ 8/2/2812 18] & 

1 | 475 | 6-9! 9°7| 2°30, 2°49] 4°72) 8°44) 125 
2| 475 | 14°9| 16°6 | 4°95 5°40) 10°45) 8°55, 1°80 
8) 495| 89} 99! 3-09 2°94] 6°03) 5°61) 0°42 
4} 495 | 23-7 | 24°4| 8°04 7-9 | 15°94) 14:1! 1°84 
5b | 495 | 20°4 | 27°4 | 10°15, 6°80) 16°95, 15°35, 1°60 
6 | 817 | 31-7 | 29°0 | 18°09) 15°57, 33°66, 32-60, 1-06 
7 | 912 | 18-5 | 11°0) 87 | 66/153) 186) 1°7 
A| 602/11:2|104) 4°0| 44] 84| ?|..... 
B{ 602 | 22°8/ 24-6 81] 92/ 178/168) 0-6 
C| 602 | 18°0 | 18°6 | 7°37) 7°89) 14°75, 7 |... .. 
D| 700 | 16°4/ 17°0 | 8°09! 7°57) 15°67| 15°44) 0°23 
E| 874 | 17°8 | 18-0 , 10°61, 10°38) 20°99) 19°85) 1°74 
F| 703 | 17-5 | 18°0 | 8°36) 8 35) 16°71) 14°46) 2°25 

TABLE XI. 


THE JARVIS ENGINE. 
Friction with load and speed variable. 
Steam pressure constant. 









































Trial No. 3. 
> a ing M. E. riez elt H. P.jI. H. P.|L. H. P.| Brake | Frict’n 
4) 0 
Card | engine.| Head. | Crank.| Head. | Crank. | Total.| H. P. | H. P. 
1 855 | 13°3 | 18°5 | 3°47 | 3°16 6°63} 5°91) 0°72 
2 855 | 18°5 | 18°5 | 3°24 | 3°16 6°40; 5°91) 0°49 
3 427 | 14°38 | 14°8 | 4°15 | 4°20 8°35, 7°79) 0°56 
4 443 | 13°5 | 12°5 | 4°08 | 3°67 7°75) 7°41) 0°34 
5 513 | 11°3 | 11°38 | 3°96 | 3°85 7°81; 7°71) 0°10 
6 483 | 13°2 | 18°0 | 4°94 | 3°85 8°79) 7°76) 1°03 
7 576 18°5 | 11°38 | 5°31 | 4°17 | 9°48) 9°01) 0°47 
8 576 14°5 | 11°2 | 5°69 | 4°97 | 10°66) 9°59) 1°07 
9 576 22°0 | 22°7 | 8°62 | 8°73 | 17°35) 16°38) 0°47 
10 576 | 23°5 | 25-5 | 9°21 | 9°69 | 18°90) 17°28; 1°62 
ll 469  22°5 | 26°5 | 7°18 | 8°20 | 15°38) 14°94, 0°44 
13 481  35°0 | 84°3 |11°18 |11°76 | 22°94) 22°74 0°20 
14 481 | 34°2 | 36°3 |12°67 |11°89 | 24°56) 23°70) 0°86 
16 507 33°5 | 36-0 11°55 |12°04 | 23°59) 22°62, 0°97 
17 507 29°6 | 31°8 |10°63 (10°23 | 20°86) 20°25) 0°61 
18 507 31°0 | 35°4 |10°67 11°82 | 22°59) 21°93) 0°66 
19 | 582 6°0 | 10°2 | 2°72 | 3°48 6°20; 5°60, 0°60 
20 | 527 10°2 | 11°7 | 3°64 | 4°09 | 7°73 6°65) 1°08 
21 522 19°2 | 21°3 6°96 | 7°42 | 14°38) 14°02) 0°36 
22 522 | 21°0 | 23°4 } 7°49 | 8°48 | 15°97) 14°99) 0°98 
| ' 
See Fig: 1v. 
TABLE XII. 
TEST BY R. C. CARPENTER AND J. B. BERGER, 1887. 


FRICTION WITH CHANGE OF SPEED. 
Straight Line Engine, 6" X12" cut-off at stroke. 











Governed by the Throttle. 
No. 1. 

Seca | Rerouiuea” | mp. | Brakemr. | op” 
1 20°5 0°449 0° 369 0° 080 
2 28°0 0°801 0° 504 0° 297 
3 | 152°0 3°556 2°888 0-7 
4 | 175°0 5° 650 3°150 0°963 
5 215°0 4°113 3°970 1°680 

i 








TABLE XIII. 


TEST BY R. C. CARPENTER AND J. B. BERGER, 1887. 
FRICTION WITH CHANGE OF SPEED. 


Straight Line Engine, 6" X12". 














but in neither set of examples is this variation great. 


TABLE XIV. 
EFFECT OF SPEED ON ENGINE FRICTION. 


Straight Line Engine, 6°x12". Trial No. 8, Engine 
Light.* 


Test by R. C. Carpenter and J. B. Berger, 1887. 








No, on Card. Revolutions of Engine. 1. A. P. 
A 92 0°32 
B 238 1°39 
Cc 245 1°51 
D 214 1°23 





* For details of last three tests, see paper cclxv., vol. ix., American 
Socie.y Mechanical Engineers. 
TABLE XV. 
STRAIGHT LINE ENGINE, 6%" X 12’. 
Friction with Change of Load. 





| 
| 
| 
| 
| 


















































| . : 
; a L.o. 
E as - * a = neh 
2s E: = 4 @EtE 
s ss s ry ico] 8 Bs 3 
s oF eX | ~ = 23 > 
at 6 bE " ee |& * 
DR 
1 282 19 0°0 2°26 2°26 1 97 
2 288 66 | 4°87 8°48 3°56 3°02 
3 | 286 66 | 761 10°95 8°34 2-87 
4 | 284 65 10°30 12°93 2°93 2°54 
5 |285 | 71 | 13°10 | 15-99 | 2-89 | 9°54 
6 284 76 | 15°30 18°79 2°99 2°63 
7 | 284 74 | 18°15 | 20°73 | 2°58 | 2°28 
8 | 280 67 21°00 23°78 2°73 2°40 
9 | 279 65 | 23°61 25°95 2°34 2°07 
10 | 280 75 | 26°39 29°95 2°36 2°08 
11 280 72 | 29°03 82°22 8°19 2°81 
TABLE XVI. 
TRIAL BY DAY AND RILEY, 1886. 
Straight Line Engine, 674" x 12". 
Friction with Varying Steam Pressure. 
| k 
ad woln- uivalent 
Sarde’ | "ions," | preseure,| EHP. | pMg'p, |i A.B. tor 
1 250 25 6°01 1°07 1°07 
2 271 396 | «652 | «1°65 1°52 
3 285 - « ae. hdtl OU 2°03 
4 280 46 | 708 | 2°26 2°01 
5 271 58 6°81 | 1°88 1°74 
6 289 63 785 | 8°08 2°61 
7 286 68 777 | 8°13 2°75 
8 293 77 7°88 2°44 2°08 
9 296 82 7°87 | 3°14 2°67 
10 275 71 2°10 2°13 2°94 
11 279 6644 1°995 2°03 1°81 
12 277 1°708 1°7 1°56 
13 275 85 1°71 1°73 1°57 
14 27. 30 1°613 | 1°61 1°46 
15 272 25 1°876 1°91 1°75 
16 270 19 1°724 1°75 1°62 
17 27 15 1°712 | 1°74 1°61 








TABLE XVII. 

MITCPEL’S AND ALDRICH’S EXPERIMENTS OF 1884. 
Straight Line Engine, 8" x 14". 

Friction with Change of Load.* 











Meat | Reis, | at jeer) oar. | Meee 
1 50 332 4°06 741 3°35 
2 65 229 4°98 7°58 2°60 
3 63 230 6°00 10°00 4°00 
4 69 230 7°00 10 27 8°27 
5 73 230 8°10 11°75 3°65 
6 77 230 9°00 12°70 3°70 
7 75 230 10°00 14°02 4°02 
8 80 230 11°00 14°78 3°78 
9 80 230 12°00 15°17 3°17 
10 85 230 13°00 15°96 2°96 
11 vis) 230 13°00 16°86 2°86 
12 70 230 15°00 17°80 2°80 
13 72 231 20°10 22°07 1°97 
14 75 230 25°00 28°31 3°31 
15 60 229 29°55 83°04 3°40 
16 58 229 34°86 87°20 2°34 
17 70 229 39°85 43°04 3°19 
18 85 220 45°00 47°79 2°78 
19 90 230 50°00 52°60 2°60 
20 85 230 55°00 57°54 2°54 




















* For details of tests by Day and -_ and Mitchel and Aldrich, see 





paper ccvili., vol. vii., American Society Mechanical Engineers. 





SHRINKAGE ALLOWANCE FOR RAILWAY 
TIRES. 


BREAKAGES of tires on railways may, to some extent, 
be accounted for by the fact that many tires are put on 
with too great an allowance for shrinkage. is keeps 
the tire in severe tension all the time, and is a constant 
source of danger. There is every reason to believe that 
the allowances established about a year ago | the 
Master Mechanics’ Association are about right. hey 
are, for inside diameters of tire, as follows : 














Trial No. 2. 

No. of Card. | Revolutions. I. H. P. Brake H. P. | Friction H.P. 
1 127 9-193 8°636 0°557 
2 136 | 9-583 | 8°500 1°083 
4 165 11°244 9°570 1°674 
5 165 10-708 9° 781 0°968 
vi 192 12-101 10°944 1°157 
8 80 4-982 4°240 0°742 
9 48 2°979 2°592 0°387 
10 100 6° 555 5°600 0°955 
11 120 7-647 6°360 | = =1°287 
12 130 7-718 6°695 | 1°023 
13 171 9° 447 8208 | 1°289 
14 217 12°238 10°199 2°039 
15 219 12°545 11°059 | 1°486 
16 229 11-662 10°534 | 1°128 
17 | 11°S26 10°332 | 1°504 
18 | 241 11°574 9°640 1°934 
19 266 11-626 9-709 | 1°917 
20 815 18°621 11°182 2°439 





38 inches less 0040 inch. 56 inches less 0°060 inch. 
@--* ed dg ee “ 0066 “ 
” “ 063 o 66 oo - 0-070 7 
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ON THE PROPULSION OF SHIPS BY AIR 
PROPELLERS.* 


By H. C, Voaer. 


IF ships could be pulled through the water, instead of 
being driven by means of the ordinary propellers now 
in use, then a saving, on an average, of 40 per cent. in 
engine power would be gained, because both the screw 
and the paddle push the sustaining water from the ship, 
and thus augment its resistance, and it has been found 
by experiment that the thrust of the propeller sur- 
passes the pull of a tow rope, op an average, by 40 per 
cent, to obtain the same speed in the same vessel. 

A further cause to the increase of resistance is that 
bow and stern waves are intensified by the increased 
speed which the screw communicates to the stream 
lines round the ship, and the latter consequently sinks 
down into the trough between these waves, and causes 
the resistance to vary with the third and sometimes 
fourth power of the speed, whereas it should only in- 
crease with the second power. 

To be efficient, the screw requires a ship of special 
type, with water lines arranged to insure the screw 
acting in solid water ; large ships cannot, like torpedo 
boats, have their screw shafts carried out along the line 
of the keel, so as to keep the propeller clear of the ship ; 
hence the form and proportions of the ship have to be 
determined with reference to the propeller, and not to 
the questions of easy passage through the water and of 
seaworthiness. Formerly, the length of ships was three 
to four times the breadth, now the length is ten times 
the breadth. Both proportions cannot be correct ; the 
discrepancy is, in fact, the consequence of the existing 
mode of propulsion. If the driving power could be ap- 

lied above the deck of a ship, as in towing, then the 
ollowing advantages could be gained: 1, A saving 
amounting to40 per cent. in engine power by eliminat- 
ing the disturbing action of the screw ; 2, the form of 
ship could be determined with reference to least resist- 
ance and seaworthiness only, and the division in water- 
tight compartments could be complete ; 3, the change 
in trim will be less disadvantageous when the power is 
applied above the deck than below the center of gravity ; 
4, the vibrations caused by the screw propeller, which 
are destructive to the ship and most unpleasant to 
those on board, will be avoided ; 5, the proposed air 
propeller will utilize the natural wind power. 





35 per cent., whereas the efficiency is over 70 per cent. 
when used as a propeller. 

When the wings of an air propeller rotate quickly, a 
rarefaction is created in front of them, because wind 
impinging on surfaces, and passing their rigid leading 
edges, as is the case with the wings of birds, draws the 
still air from the rear sides of the front surfaces, just as 
the air is drawn out of a funnel by the suction of the 
wind passing over its edge. In gales of wind a differ- 
ence of pressure amounting to 30 lb. on the square foot 
may occur. When, further, a surface rotates, the pres- 
sure on the windward side is greatest near the tips, 
causing the air to move against the axis, while quite the 
reverse is the case on the leeward side ; wherefore cen- 


——————= 

as though sailing 3°5 points from the wind with s 
ary sails. When the course of the boat was turned 34 
points from the wind, the thrust of the propeller began 
to increase above what it was in cali weather, 

Before the experiment just described, two trials with 
steam power on a much larger scale were carried 
but the propellers, the sails of which were of ordin 
canvas, were several times too large in area. The first 
of these experiments was undertaken by Messrs, 
strom & Lohman, the other by the Royal Dock ard 
in Copenhagen, on the recommendation of Mr. 
the Minister of Marine. Three years agoa launch 2» 
ft. long, 54g ft. beam, was fitted with a aie 8l¢ ft, 

1 





trifugal force assists in removing the air from the latter | 
side, making the resistance three times greater than it | 
is when the same surface moves normally to its plane, | 
with the same speed as the point of effort. By means 
of this rarefaction the air required to create a thrust is | 
drawn to the propeller. Rarefaction, in fact, is the 
only means by which large masses of air can be moved | 
toward the propeller, though not the whole pass 
through. In nature large masses of air are always 
moved by rarefaction or storm centers. The sketch | 
giving a general idea of a ship with air propeller is ex- | 
hibited to illustrate the experiments to be described. | 

Eaxperiments.—If a small two-bladed air propeller | 
with blades of proper shape and curvature made of 
sheet steel, 1 ft. in diameter, average pitch 1 ft., } square 
foot area, and weighing 0°35 lb., is placed on a small | 
pulley with a vertical axis, which, by means of a} 
cord wound round the pulley, can be set in quick rota- | 
tion, carrying the propeller with it, then a considerable | 
amount of kinetic energy can be imparted to the small | 
propeller. It is carried round by pins, the friction of | 
which keeps the propeller down till the accelerating 
force ceases to act, when it is immediately released and | 
flies up. A man of ordinary strength can give such a) 
propeller about 70 revolutions a second, whereupon it 
will rise 200 ft. into the air; of this height 100 ft. are | 
passed in less than one second after the propeller has | 
obtained its proper speed—a fact which seems to indi- 
cate negative slip, whereas, in the experiments follow- 
ing, the slip sometimes amounted to from 60 to 70 per 
eent. Mr. Ae mg of Copenhagen, measured the ef- 
ficiency of this propeller with the most minute accu- 
racy, and found it to be 63 per cent.; that is, the work 
done by the propellerin raising itself through a cer- 
tain height and the kinetic energy left—as it hovered a 





The mode to accomplish these objects is to propel the 
ship by means of —— ving sails acting in the air. The 
air propeller is, in its outer shape, somewhat similar to 
the ordinary water screw, with sails or blades made of 
thin sheet steel, having the greatest width near the cir- 
cumference. The pitch of the blades is capable of being 
varied in order to utilize the power of the wind, be- 
cause nearly 80 per cent. of the winds, the whole com- 
pass round, augments the thrust of the propellers. 





little time before beginning to fall when the highest 
point had been reached—is 63 per cent. of the kinetic 
energy attained by the 70 revolutions given to it. At 








in diameter, having 2 uare feet area distributed ovep 
two ordinary canvas sails, the pitch of which could be 
varied by meansof sheets. The engine had one yer. 
tical cylinder with a stroke of 14 in., and piston area of 
5 sq. in. ; on the end of the horizontal propeller ayig 
was a crank 7 in. long, and the propeller was thus 
driven directly, and with a boiler pressure of 80 Ib, to 
90 lb. This engine indicated 114 horse power, and the 
speed obtained in calm weather was rather over 5 knots 
at 110 revolutions per minute, with a pitch equal to the 
diameter ; the speed at the points of effort was 36 ft, 
per second. Ina fresh breeze of about 25 ft. per second 
a speed of six knots was obtained about 7 points from 
the wind, but straight against it—equivalent to sailing 
5 points from the wind—the speed was reduced to 
four knots. A gale equal in speed to that of the points 
of effort, or 36 ft. per second, made the resultant wind 
impinge just as if sailing 4 points from the wind 
when going straight against the gale; the speed wag 
then reduced to 2°5 or3 knots. Measured by a spring 
balance, the thrust of the propeller was, in calm 
weather, 36°7 lb. for one indicated horse power, or 
the same as that of a water screw turned by the 
same power. In windy weather this thrust wag 
augmented through 75 per cent. of the directions in 
which the wind could blow. The launch belonging to 
the Royal Dockyard hada displacement of about five 
tons, was 31 ft. long by nearly 8 ft. beam, and with its 
ordinary screw could obtain a speed of 7°3 knots at 240 
revolutions per minute, and 11°3 indicated horse power, 
the boiler pressure being 60 1b. The engine had two 
cylinders, each 6 in. diameter by 6 in. stroke. 

The screw was removed and the same engine was made 
to drive an air propeller 20 ft. in diameter by means of 
grooved pulleys and a driving rope; to do this the 
engine was moved toward the bow of the launch and 
the boiler toward the stern. The pulley on the pro 

ller shaft was 64¢ ft. in diameter, and made exactly 
ike the wheel of a velocipede ; the driving pulley on 











In order to avoid vibrations, the blades of water pro- 

llers are tapered toward the tips or near the circum- 
erence, whereas the blades or sails of the air propeller 
should be broadest near the circumference, because the 
air, being elastic, causes no vibrations. It is found in 
yractice that for equal numbers of revolutions, equal 
ntensity of thrust, engine power, and speed, the area 
of an air propeller should be about twelve times that of 
the water screw, but this ratio decreases somewhat as 
the size of the ship increases. 

In nature, the difference between the areas for pro- 
pellers to give equal thrusts in air and water is not 
nearly so great as the ‘ifference of the specific gravity 
of the elements would lead us to suspect. A big swan, 
for example, weighs 35 lb., but the wing areais only 
twenty-five or twenty-eight times the area of the web 
feet ; if we suppose the horizontal resistance, when the 
bird swims quickly, or when it flies with a velocity 
thirteen times greater, to be about the same, equal, say, 
to 4 lb., then, when flying, in addition to the 4 lb. hori- 
zontal resistance comes the weight to be sustained ; 
consequently the thrust of the wings must be many 
times greater than that of the web feet, and the differ- 
ence between the areas for equal thrusts is therefore 
not great 

In dealing with surfaces turning round an axis there 
is one point of the greatest importance, namely, ‘ the 
point of effort,” in which the whole resistance of 
the surface is supposed to be concentrated, For a rect- 
angle turning round one of its sides the point of ef- 
fort is at a distance of three-quarters of the length of 
the other side from the axis. For the oblique sur- 
face of the blade of a screw, the point is at an aver- 
age distance of two-thirds of the length of the blade 
from the axis. The sails of an air propeller, having 
their greatest width near the circumference, may be 
so proportioned as to have their points of effort distant 
three-quarters of the length of the sails from the axis. 

The efficiency of an air propeller is due to the elasti- 
city of the air, and a propeller of perfect shape would be 
subject to loss from friction only. If masses of air and 
water, endowed with equal moments, strike a plane, 
the impulse from the air is about twice that from the 
water—a fact which can be deduced from the formule 
for the resistances of the two fluids. The coefficient for 
air is y}, that of the coefficient for water, although 
water is 770 times denser than the air. 

The resistance of a centrifugal fan is, for this reason, 
much greater in proportion to the mass of air moved 
than that of a centrifugal pump in proportion to the 
mass of water moved, and consequently the efficiency 
of the fan is only about half that of the pump—-a con- 
dition of things very favorable to the air propeller, 
which, considered as a fan, has an efficiency of only 











* British Association—Section G. 


13 revolutions per second the propeller hovered, that is 
to say, it exerted a thrust equal to its weight, 0°35 lb.; 
at 52 revolutions per second the thrust was 6 |b., and it 
would require something like 100 foot pounds to main- 
tain this thrust, whereas a water screw 1 ft. in diameter 
would do the same at 46 or5 revolutions per second and 
60 foot pounds of work. By way of comparison it may 
be stated that a tug boat tested by means of a spring 
balance produces a pull of about 35 lb. per indicated | 
horse power. With equal diameters, therefore, the air | 
propeller requires greater power to yield a given thrust | 
than the water screw ; this is due to the loss by friction 
cansed by having to revolve eleven times quicker. But 
against this must be set the area of an air propeller, 
which should be about twelve times, and the diameter 
three to four times, that of the water screw ; then the 
number of revolutions will be about equal, as also the 
friction, and there being no losses by shocks in the 
elastic air, the thrust will be even higher for the same 
engine power—a fact which will be demonstrated by the 
experiment next to be described. 

he apparatus for the next experiment was made by 
Messrs. Dahlstrom & Lohman, engineers, of Copen- 
hagen. An air propeller was fitted toa boat for the 
purpose of comparing it with the most efficient pro- 
peller known, namely, the oar, the efficiency of which 
is over 70 per cent., and as oars do not disturb the 
stream lines round the boat on account of the distance 
at which the blades enter the water from it, the resist- 
ance of the boat is not augmented. The boat used for 
the experiment was 16 ft. long by 444 ft. beam, and 
the diameter of its three-winged air propeller with sails 
of thin sheet steel was 414 ft., having an area of about 
5 square ft. ; the propeller weighed about 7 lb., anda 
man could drive it up to nearly four revolutions per 
second, at which a speed, in calm weather, of rather 
over three knots was obtained. A thrust of 10 Ib. re- 
quired an effort of about 100 ft. pounds. Intrinsically 
an air propelleris not inferior to the oar, but when 
manual power is used to turn the former, multiplying 
gear of some kind is indispensable, and a considerable 
loss results in consequence. 

The difference in speed which a man could obtain by 
means of either the air propeller or the oar was not 
great. With aside wind the air propeller was rather 
superior to the oar. The experiments just described 
were carried on in September, October, and November, 
1887, and the case never happened where a man by ex- 
erting himself could not pull against a gale, and by 
changing the pitch it was always possible to maintain 
the same speed of revolution, whatever the strength 
of the wind and its direction relatively to the boat 
might be. The speed of the points of effort of the sails 
was 35 ft. per second, and a gale the direction of which 
was exactly opposite to the course of the boat, of about 
45 ft. per second, caused the resultant wind to impinge, 











the crank shaft was 19 in. in diameter, the engines would 
therefore wake four revolutions to one of the propeller, 
but on account of the slipping of the rope on the driv- 
ing pulley this ratio was not realized in practice. The 
air propeller had four canvas sails, with a total area of 
250 square feet ; the pitch was changeable by means of 
sheets. With that area and about 30 revolutions per 
minute the speed obtained was scarcely four knots, but 
by reducing the area to about 150 square ft., and by 
altering the shape of the sails, keeping them broadest 
near the circumference, an average speed of nearly 
seven knots was reached at 50 revolutions per minute, 
sailing in a cireular course, with the strength of wind 
about 18 ft. per second. Straight against the same 
wind the speed wassix knots. Later experiments have 
proved that the area of the sails was still six times too 
large. 

The crew in the launch consisted of two officers, one 
in charge of the boat, the other taking the observations, 
an engineer, a stoker, a seaman, and the inventor. 
A great many runs were made on the measured mile, a8 
well as beside a torpedo boat going at a known speed. 
In a strong wind the sails of the propeller had some- 
times to be reefed, and when the velocity of the wind 
dead ahead equaled that of the points of effort of the 
sails, or 35 ft. per second—equivalent to sailing 4 points 
from the wind—the speed was reduced to 2° or 
knots. 

The official trial trip took place on the 27th of July, 
1886, in the presence of the director of naval construc- 
tion, K. Neilson, and other officers who followed the 
run in a steamer. The weather was fine, with a breeze 
of about 18 ft. per second. The boiler pressure was 
60 Ib., and the engine made 240 revolutions, indicating 
11°3 horse power, but at least 2 horse power were lost 
by the slipping of the driving rope. The speed ob- 
tained with favorable wind directions was seven knots 
at 50 revolutions, and straight against the wind six 
knots with the same number of revolutions, but the 
pitch was then nearly four, due to the slow rotation ; 
the pitch was of course reduced when not straight 
against the wind. The director estimated that half 
knot more would have been gained if the gear h 
worked properly. As on previous trials, 75 per cent. 
of the winds increased the thrust of the propeller. 

The results recorded here were not as satisfactory a8 
they should have been. The propeller was much too 
large, the boat had a load of nearly 1,600 lb. more 12 
her than when tried as an ordinary screw laune 
and the propeller being of canvas, with many ropes 
about it, was far from the proper form, and present 
a high frictional resistance. 

People who have not witnessed any experiments are 
slow to believe in the power of going straight against 
the wind, yet it should be remembered that when the 
pitch is properly adjusted, the points of effort wust, 
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at a constant number of revolutions, have a greater 
speed than the wind. Observers of nature must have 
wi the facility with which even small birds fly 
inst any gale. A wind dead ahead, equal in speed to 
the points of effort of rotating sails, reduces their thrust 
pearly 60 per cent.—or by the same amount with whieh 
the driving thrust of ordinary sails is reduced, when 
course is changed from wind abeam until four 
ts from it. Such a reduction is rare even in the case 
of a propeller worked by manual power, and for larger 
propellers such a reduction would never occur, because 
8 of its points of effort would be greater than 
any hurricane, and 3°5 points from the wind the thrust 
of the propeller is increased above what it is in calm 


weather. a 


PHOTOGRAPHIC OBJECTIVES.* 
FACTS AND FALLACIES REGARDING THEM. 
By EDWARD BAUSCH. 


TuE literature on photographic optics is exceedingly 

r, and that which is open a distributed 

inly in the form of papers and articles written in 

Teeraphie journals. The terms “depth of focus,” 

*distortion,” ‘“‘“chromatic and spherical aberrations,” 

and “visual and chemical foci” are used rather pro- 
miscuously, and I fear not always understandingly. 

It is not my purpose to give you a treatise on optics 
pertaining to photographie lenses, but to mention those 
terms and give explanation of them which meet one in 
pursuit of photography, and draw attention to some 
things which, from my experience and a varied corre- 
spondence, I am led to believe are not fully understood 
by ali. The diversity of qualities pertaining to lenses 
for photographic purposes is apt to be confounding, 
unless a person has the benefit of extended experi- 
ence or study on the subject, and there is no question 
that the assumption of knowledge where it did not ex- 
ist, or relying on statements which were not correct, 
have led to many errors of judgment which in turn 
have been the cause of disappointments, prejudices, and 








loss. 

Itherefore think that any statemént of facts which 
are incontrovertible, because they are natural laws, 
will not only be fruitful of a better knowledge, but may 
in time lead to some unity of action in the mode of ex- 
amining and testing objectives, for I venture to say 
that there is a necessity for this, inasmuch as different 
persons follow different plans, giving varying results, 
and few of them accomplish the complete result. 

It may be best to say at the outset what the qualities 
are which are involved in a first class photographie ob- 
jective, and which with many others are the problems 
jor the optician to solve. They are as follows: Exact 
coincidence of visual and chemical foci ; a formula in- 
volving such glass and curves as will give the utmost 
freedom from spherical and chromatic aberration ; such 
arelation of glass and curves as will avoid internal re- 
flections and consequent “‘ flare” or ** ghost ;” length of 
focus ; diameter of lenses; absolute homogeneity of 
glass, or freedom striz or veins ; grinding and polishing 
the various surfaces so that they shall be strictly 
spherical ; absolute centering of lenses before and after 
mounting. 

Icannot think that I can better show the importance 
of these various factors than by leading you through 
the process of completing a lens, omitting the minutize 
of work, and thus also showing you the difficulties 
which beset the path of the optician in his endeavor to 
reach the result. We willassume that he desires to make 
amedium-sized objective, of the form which is princi- 
pally used to-day (a system of two symmetrical com- 
binations), and that he has laid out in advance the 
formula on which he intends to construct it. 

He has in his possession four plates or disks of rough 
and unsightly glass, two of which are crown and two 
flint, which are to be to him the cause of disheartening 
failure or gratifying success. If he has any experience 
atall, he will use no other than such as is warranted by 
the glass manufacturer, because even then he will find 
considerable difficulty in obtaining perfect glass. The 
glass comes from the manufacturer with a guarantee or 
not; in the latter he assumes no responsibility, while 
in the former he does as far as the refractive index 
and most glaring faults are concerned. If they are of 


guaranteed form, the disks have facets ground and pol- | 


ished on the edges on opposite sides, by means of which 
the maker has carefully tested the glass and by which 
Means the optician may do the same. 

Iwould say herein parenthesis that none of this 
glass is produced in this country, and none of the glass 
Manufacturers with whom we have yet come in con- 
tact has shown any inclination to undertake to make 
it. We hope and feel confident that the time will come 
when it will be made within our borders, and when so, 
with the natural facilities at our disposal, we feel cer- 
tain that we shall obtain a higher and more satisfac- 
tory result than exists to-day. The cost of the glass is 
noW a very important factor in the price of the lens. 
The glass itself must of course conform to the formula, 
and often the formula must conform to such glass as it 
is possible to obtain. 

Any variety of crown or flint may be obtained, but it 

been found that the light flints and crowns give 
the most satisfactory results. Flints are usually the 
cuter lenses of double combinations, and when heavy 
are exceedingly soft and subject to oxidation. The 
°ptician now begins to abrade the glasses, giving them 
approximately the form he wishes them to have, and 

n begins the process of grinding and polishing. 


Al- } 








as may be called commercial, for the reason that the 
pecuniary return, and not excellence, is the paramount 
consideration. A certain amount of care is observed 
even in the cheapest forms, but these are not subjected 
to critical tests,and any faults which are not apparent to 
the eq are allowed to which is not the case 
in the highest grade, where the best is none too good ; 
the result is of course that they are inferior, varying, 
and unreliable, and while occasionally one may find an 
excellent lens among them, no reliance can be placed 
upon them. It has been computed that an error or 
variation from the spherical surfaces, for instance, so 
infinitesimally small that there are no mechanical 
means for determining it, say of g5¢7555 Of an inch, will 
have a noticeable and sometimes disastrous effect in the 
formation of an image. We all know, from the fact 
that we have read it often,of the utmost exactness 
with which a telescope objective must be made, and the 
claim is generally made that because the image from the 
objective is magnified by the eyepiece, a greater per- 
fection is required than in the photographic objective. 
Ihave found, however, that any lack of perfection 
which is noticeable by an eyepiece is as pronounced in 
the camera, and I therefore claim and make this em- 
pathic, that a first-class photographie objective requires 
as much perfection as that in the telescope or micro- 
scope, and no work spent upon it to accomplish this re- 
sult is lost. 

To return to our objective, we will suppose that all 
the surfaces have been ground and polished. This in 
practice means considerable. The diticulty of doing 
the surfaces increases out of all proportion with 
the increase in size, as well as the danger of scratch- 
ing. Itis an ordinary event to scratcha surface duy- 
ing the process of grinding and polishing, and noth- 
ing uncommon to do so in the last stages of the latter, 
when the entire work must be repeated. No matter 
how good a surface may otherwise be, a scratch is 
inadmissible; not that it does any particular harm, 
but an optician who takes pride in his work can- 
not bear it, and the customer who has to pay for it 
will not accept it. After polishing, the lenses are 
put into a lathe one by one, and centered, that is, 
the optical axis is found, which we know we have 
when on revolution of the spindle the two images 
which the surface gives are stationary. The edges are 
now ground down to the diameter of the cell in the 
mounting. 

The next step is cementing. This is a delicate pro- 
cess, for although in each part of the work heat has 
been used, a much higher degree is required, and the 
danger of cracking the lenses is increased. It is no 
ordinary occurrence to lose lenses in this work, or, for 
that matter, at any point of the process. Great care 
must here be observed to prevent the cement from 
turning yellow and thus disturb the transparency of 
the lens and thereby cause loss of light. The lenses are 
next temporarily fixed in the mounting and are ready 
to be examined in the camera. Now comes the 
moment of suspense. Focusing on an object—and for 
this purpose I consider a large flat screen covered 
with printed matter containing various sizes of let- 
ters, or a large map hung against a perpendicular 
wall the best—the first thing which comes to our notice 
is the focal length of the objective. It may be one-half 
of that which was figured upon, ortwiceaslong. How- 
ever, if not correct, we make note of how much it varies 
and proceed to examine the image. This may be sharp 
and brilliant in the center and gradually become more 
indistinct as it nears the edge, and may remain indis- 
tinct near the edges under any amount of focusing; or 
it may have the same fading out of the image toward 
the edge when the central portion is sharp, but this may 
be brought out clear by change of focus ; or the image 
may be such that it cannot be mg | focused at any 
point. There is yet one possibility, but a strong im- 
probability, that the image may be quite sharply de- 
fined over the entire screen ; this of course is the most 
favorable condition. After making note of whatever 
the appearance may be, we proceed to determine the 
coincidence of visual and chemical foci. As is well 
known, there are, photographically speaking, two sets 
of light rays emitted by every object. Those that form 
the image on the screen, and which are most percepti- 
ble, or the visual ones, are made up by the red, yellow, 


| and orange colors of the spectrum ; whereas those which 


make the photographed image, or the chemical rays, 
are formed by blue, green, and indigo, which are the 
least discernible, and it isa problem of some difficulty 
to bring both sets to form an image in one plane. To 
determine this, we proceed to make an exposure on a 
plate. Before doing this, however, we must be assured 
of three things: First, that the ground glass is flat; 
second, that the plate which we intend to use is flat ; 
third, that the plate when exposed will be in exactly 
the same plane as the ground glass. I lay great stress 
upon these points because on them depends a reliable 
result, and then because with many plates and cameras 
these conditions are not fulfilled. If you will go 
through a package of —_ you will find some almost 
perfectly flat, others that are convex, and others con- 
cave, the deviation being fully as much as one-sixteenth 
of an inch, and in larger plates even more. 

I do not mention this in the way of finding fault with 
the plate manufacturers, because ordinarily and parti- 
cularly when stops are used it is of little moment, and be- 
cause it would be almost impossible to furnish selected 
flat plates at the present prices. The Eastwan roll 
holders I have found well adapted, because the film 

over a fixed and flat back which remains con- 
stant in its relation to the ground glass. If the ground 


gh this is done on the same general principle, the | glass is flat, then flat plates should be selected, and if the 
details vary with different opticians ; and although the! ground glass be concave, then plates corresponding to it 


Sane result may be and is accomplished in different | should be used. 


I believe that, as a rule, where care is 


Manners, it is safe to say that, if one were to follow the/| observed, slightly concave ground glassin plates are 


of another, he would fail. 


There is a peculiar | used, because they come in this way and this form 


ch or feeling in doing this work which it takes years | favors the lenses. The one thing, however, which should 


Practice to acquire, and even then I finda 
must be adapted to it. One might give the method of 
ure down tothe minutest detail, and this has 
often been done, and for all that a person might fol- 
low it any number of times and still fail. One thing, 
Wever, is true, that few persons have any conception 
the amount of exactness which is required in this 
Work. This remark of course applies mainly to an ob- 
ective which is to be of the highest standard, and 
Which to a certain extent varies with different opticians 
*eording to their skill, and not to such productions 
_—_..... 
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rson | be insisted upon, and which I am sorry to say is not 


always the case, is that the film side of the plate should 
be exactly in the plane of the ground glass when it 
replaces it. To determine this, the following plan, 
which I think is used by manufacturers of cameras, is 
effective. 

Take a straight edge and allow it to rest upon the 
face of the frame of the ground glass which rests against 
the back of the camera. Cuta small wedge of wood 
and insert this between the straight edge and ground 
glass as far asit will go, and mark the edge in line with 
the straight edge, when it fills upthe space. Now take 
a plate which is suited to the plate holder and which is 


known to be flat, and place it in this, and by the use of 

the straight edge and wedge proceed as above with the 

ground giass. It is unnecessary to say that the marks 

, agree.exactly, and if not, should be made to 
0 80. 

These precautions are alike necessary for the optician 
and photographer, whether for the pur of deter- 
wining the quality of the lens or for making compari- 
sons between several lenses, and it is a test which every 
camera ought to undergo. After the plate has been ex- 

and developed, we may find that although we 
ave a sharply defined image on the ground glass, the 
one on the plate is very indistinct, which shows that 
the chemical foci may be shorter or longer than the 
visual. To determine the extent of variation a num- 
ber of exposures must be made, placing the ground 
glass within or beyond the visual focus until as sharp 
an image is obtained in the negative as on the ground 
glass. We now have all the principal data to enable 
us to proceed with the correction of the lens. First is 
the focal length, next the spherical aberration, then 
the amount of distortion, and last, but for the present 
most important, the difference between visual and the 
chemical focus. 

To attempt to correct any one of these qualities will 
disturb the others, and not only that, they are often to 
such an extent antagonistic that to improve one will 
considerably augment another fault. It is not within 
the province of this r to show what the likely 
changes would be which should be followed to improve 
the objective, but I can indicate what some of the re- 
sults would be which would arise. For instance, if the 
visual and chemical foci do not coincide, it is evident 
that the objective is chromatically over or under cor- 
rected, aud if the objective would otherwise give a 
image, the inner or cemented surface would probably 
be changed ; this might very naturally affect the focal 
length, which in a telescope objective would hardly be 
noticed. The focus of the lens might easily be doubled 
before the proper correction would be reached, and 
then changes would again be necessary to bring the 
focus to the proper distance, which would again dis- 
turb the chromatic correction as well as perhaps the 
spherical, which latter designates the amount of curv- 
ature of the image. Thus a change of one-sixteenth 
of an inch in the radius of one of the inner surfaces, 
which would hardly be noticed in an ordinary lena, 
might lengthen or shorten the focus of the photogra- 
phic objective several inches. The changes which 
sometimes occur are often surprising and inexplicable, 
even to one who is accustomed to them. It may be 
found that the amount of spherical aberration is so 
great that no amount of changing will bring it to the 

roper standard. One means of partially overcoming 
it would be the decrease in the size of the lenses, which 
would mean that they will admit less light, and conse- 
quently be slower. 

The thickness of the lens which causes the distortion 
must be accurately determined. However, we will as- 
sume that the various corrections are finally combined 
as far as is possible, and the skill of the optician must 
determine to what extent they will be. It may be pos- 
sible to combine the spherical and chromatic aberra- 
tions sufficiently to make the former acceptable, and a 
new series of experiments will have to be undertaken 
based on a combination of new glass. 

After a lens which meets the ideal of the optician is 
completed it may be said, ‘‘ We can understand that 
the first lens has involved a great amount of work, but 
after the completion of the sample none of these diffi- 
culties will arise.” To acertain extent this is true, but 
it must be remembered that the eptician’s work is al- 
most entirely empirical. Each lens is an experiment; 
there is an individuality in each which cannot be over- 
looked. A lens is rarely if ever perfect when completed, 
and each one is a special study. There are certain fea- 
tures which rarely if ever change when working under 
the same formulas and using the same glass, such as 
coincidence of visual and chemical foci, centering, and 
size, but others, such as yn wong ! and refrangi- 
bility of glass, sphericity of surfaces, length of focus, 
are variable, and often can only be reached after re- 
peated trials, and in many instances cannot be ob- 
tained at all. 

There is one point which I have not yet touched, and 
which is of the utmost importance, and that is the 
sphericity of surfaces. To simply grind and polish a 
lens is exceedingly simple ; to do so and obtain spheri- 
cal surfaces is extremely difficult. Instead of being 
spherical, a surface may be and often consists of a 
series of elevations and depressions. They may be in 
the shape of rings, or may be confined to spots or radi- 
ate from the center, in which way I have seen them as 
pronounced as the spokes ina wheel. Heat, even when 
moderate, when applied to a certain portion of the 
lens, causes the same effect. There are optical tests by 
which you can easily see the expansion of glass after 
the finger has been allowed to rest upon it for a mo- 
ment. The same effect way be obtained by fixing the 
lens in the mounting. 

I have often examined lenses which were so distorted 
by the pressure exerted on them in the mounting that 
it seemed almost impossible that they could form even 
a fair image. What is the effect when these conditions 
exist ? First of all, there is a lack of sharpness over 
the ee and then depth of focus. An elevation on 
the lens will give ashorter focus forall those rays which 
fall upon it, because of its shorter radius than the focal 
point for the entire surface; whereas a depression will 
cause a longer focus, so that instead of all the rays com- 
bining in one point there are a series of focal points. 
When depth of focus is caused by reason of this fault 
it is to be condemned, because it is at the sacrifice of 
definition, and any lens possessing it cannot be rated 
as good. Depth of focus when caused in this manner 
is one of the qualities which can be determined with- 
out comparative tests, and every lens purchased should 
be tested to thisend. A good means to determine the 
proper correction of the surfaces is by the use of a dia- 
Com. Focus for a sharp image on the ground glass 

y means of a magnifier with a full opening of the 
lens, and note this point in the camera. Then rack 
out of foeus and insert a diaphragm sufficiently large 
that the image can just be distinguished, oa again 
focus by means of the magnifier. If the objective is per- 
fectly corrected, this point will coincide with the frst, 
and if not, it is, as stated before, a serious fault, because 
there will be a different focus for each diaphragm. 





Depth of focus and speed are incompatible, inas- 
much as both qualities depend on the aperture of 
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lenses, eine of course a relatively large diaphragm |an upright position, and back of it at any distance a 


and focal lengt 


While the former decreases with the | lawn 


or gas jet. Look for the’focal point by means of 


increase in the aperture, the latter increases. Depth of a white paper, and get the eye in the same position, 
focus is no doubt a very desirable quality, but to ob-| which can be easily done after a little practice. The 


tain it in a legitimate way with high speed is simply 
impossible. In two lenses of similar construction of 
the sume diameter and focus it will be exactly similar, 
and the ratio of depth will increase with the decrease 
of the diaph . In view lenses depth of focus can 
almost always be obtained by the use of diaphragms, 
and this is also true in objectives specially made for 
portraiture, but in these the same is obtained by plac- 
ing two systems farther apart or varying the distance 
of the individual lenses, which means nothing wore or 
less than the production of spherical aberration. 

The extent of flatness of field and distortion in lenses 
are variable quantities, and, although depending to a 
certain extent on the diameter of lenses, exist to a 
greater or less degree in one or the other lens, accord- 
ing to the amount of skill and care of the optician. 
The tendency almost since the first use of lenses has 
been the increase of speed and consequent increase of 
aperture of lens, and although the advance has been 
and is slow to the uninitiated, it means an enormous 
amount of work to the optician. Every degree of in- 
crease represents a considerable outlay of mental and 
manual labor, and can only be maintained by corre- 
spondingly greater attention to the minutie of work. 

h indivic ual reproduction is to him a source of pride, 
and he works with love and ardor over every step of 
his work. Outside of this, however, he is fully aware 
of the detrimental influence of imperfect work, and 
his ambition is not only to accomplish the highest re- 
sult, but to maintain it after it has been reached. The 
actual work of grinding and polishing is comparatively 
trifling, as is shown in the cheaper form of lenses, 
where the cost of glass is just as high, but wherein the 
lenses are used whether good or bad, unless they have 
faults easily noticed. The time-consuming and worry- 
ing work is that of continually testing and correcting 


Fug 1, 





| Jens will be found brilliantly illuminated and the strie 
| will stand out as dark shadows. When a few smail 
knife edge threads show, they are of little moment, 
but when in a circle of light there is a wavy appear- 
ance it is generally indicative of other stri# which are 
——_ but cannot be determined in this manner. 

have shown how some of the faults may be deter- 
mined by almost any person, but others, such as defini- 
tion, distortion, and amount of speed, can only be 
judged by a comparative test or by a person of wide 
experience. Comparing a lens with one of known ex- 
cellence is the only reliable manner, but then the fol- 
lowing points, among which I recapitulate a 
mentioned, should be observed. Determine coinci- 
dence of visual and chemical foci. Determine coinci- 
dence of ground glass and plate in plateholder. Use 
flat plates when ground glass is flat ; if this is not flat, 
use plates corresponding with it. Determine spherical 
correction by means of diaph ms. 

The two lenses should be for the same size plate, and 
of about the same aperture and focus. Lenses should 
always be tested first with full aperture or large stops 
of the size, as small stops correct spherical aberration 
in good lenses as well as poor ones. If desired, they can 
be done with small stops later on. Make comparisons 
under the same conditions of light. For spherical 
aberration and distortion focus on printed matter or on 
a map fastened to a screen, and have the lens square 
with the objective and within two or three times the 
equivalent focus of the lenses, as they are then under 
the most strained conditions. For depth of focus use 
stationary objects which have thickness, or a view. Al- 
ways focus the lens on the same point, and never make 
a comparison without the use of a magnifying glass 
for focusing as well as for examining the negatives. 
Last, but most important, make the comparison in the 
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the lenses. When we remember that the best, although 
none too 1, involves the amount of work I have 
endeavo to portray, you will no doubt feel that the 
optician does not ask too much remuneration for it. 

Now as to the homogeneity of glass. A disk should 
be of the same consistency throughout. When it is 
not, it possesses either impurities or air bubbles which 
are usually easily seen, or so-called stri#s—which are not 
so discernible, but of greater importance. These are 
caused by the unequal consistency of the glass or un- 
equal annealing, and have a similar appearance to a 
giass of water when strong sugar water is poured into 
it and is not well mixed, or heated air asit rises from 
a stove or hot ground. All glass not specially made for 
optical purposes has them, and can be easily seen by 
looking through it edgewise, even in the best plate. Of 
course no disk is used which shows them or air bub- 
bles or impurities on a preliminary examination ; they 
often appear before the lenses are completed and work 
then ceases, but very often they cannot be detected 
until the lenses are finished. Air bubbles can easily 
be seen by any person, and when they exist the op- 
tician must judge whether they are sufficient to impair 
the salability ~ lens. 

If, however, a man who has a reputation to guard 

riits it to pass—and I would add that it is as hurt- 

ul to his eye as to any person—then the purchaser 
should not be hasty to condemn it, for it then usually 

merits which far outweigh this disadvantage. 
Take for instance an air bubble as large as a pin head 
in an ordinary size lens. Its area is so infinitesimally 
small as compared with the area of the lens that it is 
of no account whatever, and does not affect the lens in 
the least. Although it may sound strange, I would, 
for my part, select a lens containing an air bubble in 
preference to one without it, provided they were from 
one reliable firm. 

Stri#, however, which are difficult to detect are posi- 
tively injurious when existing to any extent, inasmuch 
as they refract the rays passing through them in differ- 
ent directions, thus preventing them from combining 
to form the image, and they sometimes may cause a 
false light. They often pervade an entire lens and oc- 
casionally can be seen with the naked eye, but as a rule 
not. An easy method of looking for the most glaring 
is as follows: Unscrew the systems and examine each 
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spirit of arriving at the truth, and do not permit your 
judgment to be biased or influenced by your feelings. 








A NEW PLANIMETER. 
ON A NEW SPHERE PLANIMETER.* 
By Prof. HELE SHaw, M. Inst. C. E. 


THE want has long been felt of some instrument for 
measuring areas which, while possessing the accuracy 
of the Amsler planimeter, would have the great advan- 
tage of giving a reading by means of a pointer moving 
over a dial face of such magnitude as to obviate the 
use of a vernier. The author, four years ago, brought 
forward a class of sphere integrator under the name of 
a and roller mechanism, in which, by employing 
the rolling of two surfaces in contact with onal other 
instead of the combined slipping and rolling of the 
Amsler type of instrument, a satisfactory solution of 
the problem appeared to have been attained. Various 
forms of these integrators were thoroughly tested, but 
with unsatisfactory results, inasmuch as they always 
gave a slight error of variable amount, and it oe since 
been found by means of specially designed experiments 
that the universally accepted principle of rolling con- 
tact relied upon in their design did not hold in prac- 
tice under the ticular conditions in which it was 
there applied. The sphere planimeter, which is now 
exhibited for the first time, really belongs to the Amsler 
class of integrator, though resembling in external ap 
pearance the author's previous instrument above refer- 
red to, since one essential feature of it is a sphere. 

The instrument consists of a bent bar, A A, one end 
of which forms the fixed center, C, upon the surface 
containing the area to be measured. he other end is 
jointed at E to a frame, F, which guides a sphere, 8, 

y means of four rollers, R RR R, the centers of these 
rollers being carried upon small rigid brackets. The 
frame which supports the dial, D D, is continued b 
means of a bar, at the end of which is pointer, P, whic 
is passed round the perimeter of the figure to be inte- 
grated. Upon the sphere rests a small measuring roller 
or integrating wheel, M, the axis, H H, of which carries 
the recording index, I, and a pinion, K. 














separately. Place one in the camera or on the table in 
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This pinion with a wheel mee a 

is pin gears aw ten times 

working on the back of the dial, by means of 
higher readings are recorded. Undue pressure ; 
the meusuring roller and the sphere is preventeg 
a of the roller, N, which is attached to the 

The theory of action may be thus explained: Sup. 
pose the area of a rectangular figure, a, b, c, d (Pig, 
to be — and suppose first that instead of A 

inter, P, moving over the perimeter, the sphere 
8 rolled along it, also that instead of the center of 
joint, E, moving in the are of acircle, as it would doin 
the actual instrament, it moves along the line, OX, 4y 
the sphere passes over the figure it transmits an 
similar motion, but in the reverse direction, to the 
roller, m m, resting upon it as the roller would 
if moving in contact with the surface of the paper, 
roller thus slips as well as turns, the relative value og 
the two effects depending respectively upon the ratio 
of the two sides RQ: RP of the triangle, P QR. 
values are the absolute quantities for a movement, P 
of the center of the sphere, P. Thus in movinga 
tance, P Q. along the line a 6, the turning of the roligp 
=P R=PQsin <R PQ. Similarly for a movement 
along c d, the turning depends upon the sine of the 
angle of inclination of the roller. Draw perpendi 
PN, P, N,, to the line,O X, from the center of the 
sphere, and let 

h=PN 
hy = P, Ni. 

Let the angles mado by the center line, E P, with line, 
O X, be respectively a and 4. Then since the t 


P Q Rand PE N are similar, and also the triangles, 
Q: , and P, E, N,, A 


<PEN= < BP Q=a 
<P, E, Ni= <BR P; Q=8. 


Then for a movement of P along the line, a b, 
Turning of roller=a bd sin a, 





























and for a movement along c d, the direction of motion 
being now reversed, 


Turning of roller=c d sin f. 


In moving down the side, a c, the motion of theroller 
is equal and opposite to that which it has in moving 
up the side, db. Therefore, finally, 


Total turning of roller=a b sin a—c d sin f. 
=a b (sin a—sin A) 
l=length of center line, EP 
If A=lsine 
hil sin B. 


1 
Turning of roller ab On ~ 


1 
=a bxe ox; 


=area of figure x constant. 


Using a suitable scale, the area of the figure is there 
fore shown by the reading on the dial. 

Now it is clear (1) that so long as the pointer moves 
over the figure the sphere may be moved to any partol 
the bar without affecting the result ; (2) that so long 4s 
the pointer returns to the initial position, the end, ! 
need not move along a straight line, but may travel iD 
the arc of a circle : (8) that the reasoning applies teaby 
form of figure, such as the indicator diagram shown in 
Gutted lines, ‘. area of wale would be rar. given 

y passing the pointer round its perimeter. 

It may be remarked that the action of the oo 
simply to transmit the motion of the roller, an se 
fore so long as no slipping takes place on the surface 
the paper beneath, the record is given with the same 
degree of accuracy as with the Amsler planimeter, 
with the important advantage of a large dial 
there being only the simple difference that the pointer 
must in the sphere planimeter be moved in the oe 
site direction round the perimeter of the figure to 
measured. j ol 

One feature of interest in the instrument is the use 
the four guiding rollers, R R R R, which are in con 
with the great cirele of the sphere formed by the inter: 


section of the horizontal plane through its center, avd 
thus allow the 
direction, 


ere to turn without resistance ip 
To this end the rollers are carried in 
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and do notexertany pressure upon the sphere, 
keep it in position in the frame. They are 
on very fine centers, and they are of steel 
lished edges, so that even when the sphere is 
in a direction causing its axis of rotation to 
hrough one of these cages, the motion of the 
is not appreciably re ed by frictional resist- 
Hence the vianimeter is found to be correct up 
limit of accuracy to which records can be read on 


ial face. 


Wake 


. 








{Continued from SuPPLEMENT, No. 660, p. 10690.] 
THE HISTORY OF A SCIENTIFIC DOCTRINE.* 
By 8. P. LANGLEY. 


AMARKED step is taken about 1811 by a young French- 
man, De la Roche, who deserves to be better remem- 
than he is, for he clearly anticipated some of 
Melloni’s discoveries. De la Roche in particular shows 
that, of two successive screens, the second absorbs 
heat iv a less ratio than the first- whence he, before any 
ope else, 1 believe, derives the just and most important, 
eg well as the then most novel, conception that radiant 
heat is of different kinds. He sees, also, that as a body 
jgheated more and more, there isa gradual and con- 

advance, not only in the amount of heat it sends 
oat, bat in the kind, so that, as the temperature still 
rises, the radiant heat becomes light by imperceptible 
tions ; and he coneludes that heat and light are 
to one simple agent, which, as the temperature 
yet more, appears more and more as light, or 
which, as the luminous radiation is absorbed, reappears 
asheat. Very little of it, he observes, passes even trans- 
t sereens at low temperatures, but more and more 

so as the temperature rises. 

Allthis is a truism in 1888, but it is admirably new 
as well as true in 1811; and if De la Roche had not been 
removed by an early death,his would have not improb- 
ably been the greatest name of the century in the history 
of our subject—an honor, however, which was in fact 
reserved for another. 

The idea of the identity of light and radiant heat had by 
this time nade such progress that the attempt to polarize 
the latter was made in 1818 by Berard. We have just 
seen in Herschel’s case how the most sound experiment 
way lead to a wrong conclusion, if it controverts the 

ular view. We now have the converse of this in the 

t that the zeal of those who are really in the right 
way way lead to unsound and inconclusive experiuent; 
for Berard experimentally established, as it was sup- 
posed, the fact that obscure radiant heat can be polar- 
ized. So it can, but not with such means as Berard 
eee. and it was not till a dozen years more that 

orbes actually proved it. 

At this time, however fairly we seem embarked on 
the paths of study which are followed to-day, and 
while the movement of the main body of workers is in 
the right direction, it is yet instructive to observe how 
eminent men are still spending great and conscientious 
labor, their object in which is to advance the cause, 
while the effect of it is to undo the little which has been 
rightly done, and to mislead those who have begun to 
go right. 

Asan instance both of this and of the superiority of 
modern apparatus, we may remark, after having noticed 
that the ability of obscure heat to pass through glass, 
ifecompletely established, would be a strong argument 
infavor of its kinship to light, and that De la Roche 
and others had indicated that it would do so (in which 
we now know that they were right)—that at this stage, 
orabout 1816, Sir David Brewster, the eminent physi- 
cist, made a series of experiments which showed that it 
would not so pass. Ten years later, in view of the 
importance of the theoretical conclusion, Baden Powell 
repeated his observations with great care, and confirm- 
ed them, announcing that the earlier experimenters 
were wrong, and that Brewster was right. 

Here all these years of conscientious work resulted in 
establishing, so far as it could be established, a wholly 
Wrong conclusion in place of aright one already gained. 
Itmay be added that, with our present apparatus, the 
passage of obscure radiant heat through glass could be 
made convincingly evident in an experiment which 
need not last a single second. 

We are now arrived at a time when the modern era 

ns; and in looking back over one hundred and fifty 
years, from the point of view of the experimenter him- 
self, with his own statement of the truth as he saw it, 
we find that the comparison of the progress of science 
to that of an army, which moves perhaps with the loss 
of occasional men, but on the whole victoriously and in 
one direction, is singularly misleading; and I state 
1s more confidently here, because there are many in 
this audience who did not get their knowledge of na- 
tare from books only, but who have searched for the 
trath themselves ; and, speaking to them, may I not 
say that those who have so searched know that the 
Most honest purpose and the most patient striving have 
been guarantees against nistakes—mistakes which 
Were probably hailed at the time as successes? It 
Was some one of the fraternity of seekers, I am sure, 
who said, “Show me the investigator who has never 
Made a mistake, and I will show you one who has never 
made a discovery.” 

We have seen the whole scientific body. as regards this 
Particular science of radiant energy, moving in a mass in 
&wrong direction, for a century ; we have seen that in- 

uals in it goon their independent paths of error ; 

We can only wonder that an era should have 
‘ome fh which such a real advance is made as in ours. 

t era has been brought in by the works of many, 

ere than by any other through the fact that in 

year 1801 there came into the world at Parma an 

t who was born a physicist, as another is born a 

Poet; nay, more; who was born, one might say, a de- 

Votee of one department of physics—that of radiant 

kind: being affected in his tenderest years with such a 

ish of precocious passion for the subject as the child- 

Mozart showed for music. He was ready to sacrifice 

caning for it; he struggled through untold diffi- 

ies, not for the sake of glory or worldly profit, but 

ant heat’s sake ; and when fame finally came to 

and he had the right to speak of himself, he wrote 

to his collected researches which is as re- 

os le as anything in his works. In this preface he 

—*'¥en us, not a summary of previous memoirs on” 
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the subject, not a table of useful factore and formula, 
not anything at all that an English or American scien- 
tific treatise usually begins with, but the ingenuous 
story of his first love, of his boyish passion for this be- 
loved mistress ; and all this with a trust in us his read- 
ers which is beautiful in its childlike confidence in our 
sympathy. 

I must abbreviate and injure in order to quote; but 
did ever a learned physical treatise and collection of 
useful tables begin like this before ? 

“T was born at Parma, and when I got a holiday 
used to go into the country the night before and go to 
bed early, so as to get up before the dawn. Then I 
used to steal silently out of the house, and ran, with 
bounding heart, till I got to the top of a little hill, 
where I used to set mysel. so as to look toward the 
east.” There, he tells us, he used, in the stillness of 
nature, to wait the rising sun, and feel his attention 
rapt less with the glorious spectacle of the morning 
li it itself than with the sense of the mysterious heat 
which accompanied its beams, and brought something 
more necessary to our life and that of all nature than 
the light itself, 

The idea that not only mankind, but nature, would 
perish though the light continued, if this was divorced 
from heat, made a profound impression, he tells us, on 
his childish mind. 


The statement that such an idea could enter with do- 
winating force into the mind of a child will perhaps 
seem improbable to most. It will, however, be com- 


prehensible enough to some here, I have no doubt. 

Is there some ornithologist present who remembers a 
quite infantile attraction which birds possessed for him 
above all the rest of the animated creation ; some chem- 
ist whose earliest recollections are of the strange and 
quite abnormal interest he found as a child in making 
experimental mixtures of every kind of accessible house- 
hold fluid and solid ; some astronomer who remembers 
when a very little creature that not only the sight of 
stars, but of any work on astronomy, even if utterly be- 
yond his childish comprehension, hwJ an incomprehen- 
sible attraction for him ? 

I will not add to the list. There are, at any rate, 
many here who will understand and believe Melloni 
when he tells how this radiant heat, commonplace to 
others, was wonderful to his childish thought, and 
wrought a charm on it such that he could not see wood 
burn in a fireplace or look at a hot stove without its 
drawing his mind, not to the fire or iron itself, but to 
the mysterious effluence which it sent. 

This was the youth of genius; but let not any fancy 
that genius in research is to be argued from such pre- 
monitions alone, unless it can add to them that other 

ualification of genius which has caused it to be named 
the faculty of taking infinite pains. Melloni’s subse- 
quent labors justified this last definition also; but I 
cannot speak of them here further than to say that 
after going over a large part of his work myself, with 
modern methods and with better apparatus, he seems 
to me the man, of all great students of our subject, who, 
in reference to what he accomplished, made the fewest 
mistakes. 

Melloni is very great as an experimenter, and owes 
much of his suecess to the use of the newly invented 
thermopile, which is partly his own. I can here, how- 
ever, speak only of his results, and of but two of these 
—one generally kuown; the other, and the more im- 
portant, singularly little known, at least in connection 
with him. 

The first is the full recognition of the fact, partly 
anticipated by De la Roche, that radiaut heat is of 
different kinds, that the invisible emanations differ 
awong themselves just as those of light do. Melloni 
not only established the fact, but invented a felicitous 
term for it, which did a great deal to stamp it on r - 
nition—the term ‘* thermochrose,” or heat-color, whieh 
helps us to remember that, as the visible and apparent- 
ly simple emanation of light is found to have its col- 
ors, so radiant heat, the invisible but apparently siznple 
emanation, has what would be colors to an eye that 
could see them. This result is well known in connec- 
tion with Melloni. 

The other and the ter, which is not generally 
known as Melloni’s, is the generalization that heat and 
light are effects of one and the sawwe thing, and merely 
different manifestations of it. I translate this impor- 
tant statement as closely as possible from his own 
words. They are that : 

** Light is merely a series of calorific indications 
sensible to the organs of sight or, Vice Versa, the radia- 
tions of obscure heat are veritable INVISIBLE RADIA- 
TIONS of light.” 

The italics and the capitals are Melloni’s own. 

He wishes to have no ambiguity about his announce- 
ment behind which he may take shelter ; and he had so 
firm a grasp of the great principle that, when his first 
attempts to observe the heat of the moon failed, he per- 
severed, because this principle assured him that where 
there was light there must be heat. This statement 
was made in 1843, and ought, I think. to insure to Mel- 
loni the hunor of being first to distinctly announce 
this great principle. 

The announcement apparently unnoticed, in 
spite of his acknowledged authority ; and the general 
belief not merely in different entities in the spectrum, 
but in a material caloric, continued as strong as ever. 
If you want to see what a hold on life error has, and 
how hard it dies, turn to the article ** Heat” in the 
eighth edition of the ‘Encyclopedia Britannica,” where 
you will find the old doctrine of calorie still in posses- 
sion of the field in 1858; and still later, in the generally 
excellent ‘‘ English Eneyclo ia’ (edition of 1867), the 
doctrine of caloric is, on the whole, preferred to the 
undulatory hypothesis. It is very probable that a 
searcher might find many traces of it yet lingering 
among us; so that Giant Caloric is not, perhaps. even 
yet quite dead, though certainly grown so crazy, and 
stiff in the joints, that he can now harm pilgrims no 
more. 

So far as I know, no physicist of eminence reasserted 
Melloni’s principle till J. W. Draper, in 1872. Only six- 
teen years ago, crin 1872, it was almost universally be- 
lieved that there were three different entities in the 
spectrum, represented by actinic, luminous, and ther- 
mal rays. 


principle as leading to a modification of views then 
“universally” held. Sinee that time the theory has 
made such rapid progress that, though some of the 
older men in England and on the European continent 
have not welcomed it, its adoption among all physicists 
of note may be said to be now universal, and a new era 
in our history begins with it. I mean by the recogni- 
tion that there is one radiant en which appears to 
us as “ actinic,” or ** luminous,” or “ thermal ” radiation, 
eerie | to the way we observe it. Heat and light,then, 
are not things in themselves, but whether different sen- 
sations in our own bodies, or different effects in other 
bodies, are merely effects of this mysterious thing we 
call radiant energy, without Coley eve in this than 
give a name to the ignorance which still hangs over 
the ultimate cause. ‘ 

I am coming down dangerously near our own time— 
dangerously forone who would be impartial in os 
with names of those living and with controversies sti 
burning. In such a brief review of this century's study 
of radiant energy in other forms than light, it has been 
necessary to pass without :nention the labors of such 
men as Pouillot and Beequeel in France, of Tyndall in 
England, and of Henry in America. It has been neces- 
sary to omit all mention of those who have advanced the 
knowledge of radiant energy as light, or I should have 
had to — of labors so diverse as those of Fraunhofer, 
of Kirchoff, of Fresnel, of Stokes, of Lockyer, and 
many more. I have made no mention, in the instruc- 
tive history of error, of many celebrated experimental 
researches ; in particular of such a — as the 
measurement of soiar heat, great in importance, but 
apparently most simple in solution, yet which has 
now been carried on from generation to generation, 
each experimenter materially altering the result of his 
predecessor, and where our successors will probably 
correct our own results in time. Ihave uot.spoken of 
certain purely experimental investigations, like those 
of Dulong and Petit, which have involved immense and 
conscientious labor, and have apparently rightly earned 
the name,of ‘‘ classic” from one generation, only to be 
recognized by the next as leading to wholly untrust- 
worthy results, and leaving the work to be done again 
with new methods, guided by new principles. 

In these instances, painstaking experiments have 
proved insufficient, less from want of skill in the inves- 
tigator than from his ignorance of principles not estab- 
lished in time to enable him to interpret his experi- 
ments; but, if there were opportunity, it would be 
profitable to show Low inexplicably sometimes error 
flourishes, grows, and maintains an upparently healthy 
appearance of truth, without having any root what- 
ever. Perhaps I may cite one instance of this last from 
my own experience. 

About fifteen ycars ago it was pool believed that 
the earth’s atmosphere acted exactly the part of the 
glass in a hotbed, and that it kept the planet warm by 
exerting a specially powerful absorption on the infra- 
red rays. 

I had been trained in the orthodox scientific church, 
of which I am happy to be still a member ; but I had 
acquired perhaps an almost undue respect, not only for 
her dogmas, but for her least sayings. Accordingly, 
when my own experiments did not agree with the re- 
ceived statement, I concladed that my experimenis 
must be wrong, and made them all over again, till 
spring, summer, autumn, and winter had passed, each 
season giving its own testimony ; and this for suecessive 
years. The final conclusion was irresistible, that the 
universal statement of this alleged well known fact 
(inexplicable as this might seem, in so simple a matter) 
was directly contradicted by experiment. 

I had some natural curiosity to find how every one 
knew this to be a fact; but search —- showed the 
same statement (that the earth’s atmosphere absorbed 
dark heat like glass) repeated everywhere, with abso- 
lutely nowhere any observation or evidence whatever 
to prove it, but each writer quoting from an earlier 
one, till I was almost ready to believe it a dogma 
superior to reason and resting on the well-known 
ie Quod semper, quod ubique, quod ab omnibus, credi- 
tum est.” 

Finally, I appear to have found its source in the writ- 
ings of Fourier, who, alluding to De Saussure’s experi- 
ments (which showed that dark heat passed with com- 
parative difficulty through pane. observes that if the 
earth’s atmosphere were solid, it would act as the glass 
does. Fourier simply takes this (in which he is wholly 
wrong) for granted ; but as he is an authority on the 
theory of heat, his words are repeated without criticism, 
first by Poisson, then by others, and then in the text 
books; and, the statement gaining weight by age, it 
comes to be believed absolutely, on no evidence what- 
ever, for the next sixty years, that our atmosphere is a 
—— absorber of precisely those rays whieh it most 

reely transmits. 

The question of fact here, though important, is, I 
think, quite secondary to the query it raises as to the 
possible unsuspected influence of mere tradition in 
science, when we do not recognize itas such. Now, the 
Roman Church is doubtles quite logical in believing in 
tradition, if these are recommended to the faithful by 
an infallible guide ; but are we, who have no infallible 
guide, quite safe in believing all we do, with our fond 
persuasion that in the scientific body mere tradition has 
no weight ? 

In even this brief sketch of the growth of the doc- 
trine of radiant energy, we have perhaps seen that the 
history of the progress of this department of science is 
little else than a chapter in that larger history of 
human error which is still to be written, and which, it 
is safe to say, would include illustrations from other 
branches of science as well as my own. 

But—and here I ask pardon if I speak of myself—I 
have been led to review the labors of other searchers 
from this standpoint, because I had first learned out of 
personal experience that the most painstaking care 
was no guarantee of final accuracy; that to Jabor in 
the search fora truth with such endless pains asa 
man wight bestow if his own salvation were in question 
did not necessarily bring the truth ; and because, seek- 
ing to see whether this were the lot of other and greater 





men, I have found that it was, and that, though no 
one was altogether forsaken of the truth he sought (or 
on the whole review of his life as a seeker, but might 


_ Draper remarks that a ray consists solely of ethereal | believe he had advanced her cause), yet there was no 
vibrations whose lost vis vica nay produce either heat | criterion by which it could be told at the time whether, 


or chemicalchange. He uses Descartes’ analogy of the 
vibration of the air and sound ; but he makes no men- 
tion either of Descartes or of Melloni, and speaks of the 


when after long waiting there came in view what 
seemed ouce wore her beautiful face, it might not prove, 
after all, the mockery of error; and probably the ap. 








SCIENTIFIC AMERICAN SUPPLEMENT, No. 670. 



























































A msuamwgnnaulil 


rt ‘ ‘ R 
ily Line th ! Fa: : 
ea sia “te Sh nen ‘ ye Saale wt} \ He | (. SS 






































. Bolobo, on the Congo River. 9. A and B. Palm-oil Pots; Yambina, . Stanley Falls, 
Looking up the Congo from the house of Shick Mahomed-bin-Seid, at Stanley CG, Pot containing Cam-wood and Olives, Articles of an Native of the Aruwimi Country 
Falls. 3. View from below Stanley Falls. Aruwimi Native’s Toilet ; carried over the shoulder. Houses in rows: Five hours’ march to Stanley Falls. 
. The Babulu-Wasongolo Tribe (Three Types). D. Basket used for sifting Manioc Flour, &c. Itimba. 
Village in Mahomed-bin-Seid’s Digtrict. 6. Huts at Yambina, E. Bark-box used for preserving Manioc Flour, &c, . Houses of Tippoo Tib, Stanley Falls. 
Our House at Stanley Falls. 8. Native Woman of Aruwimi Falls, F. Basket for Provisions. 
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might be made to the experience of many investi- 
tors here with the question, “* Is it not so ?’ 

What then? Shall we admit that truth is only to 
be surely found under the guidance of an infallible 
church? If there be suchachurch, yes! Let us, how- 
ever, remember tbat the church of science is not such 
aone, and be ready to face all the consequences of the 
knowledge that her truths are put forward by her as 
provisional only, and that her most faithful children 
are welcome to disprove them. 

What then, again? Shall wesay that the knowledge 
of truth is not <a It is advancing, and never 
so fast as to-day ; but the steps of its advance are set 
on past errors, and the new truths become such stepping 
stones in turn. 

To say that what are truths to one generation are 
errors to the next, or that truth and error are but dif- 
ferent aspects of the same thing to our poor human na- 
ture, may be to utter truisms; but truisims which one 
has verified for one’s self out of a personal experience 
are apt to have a special value to the owner ; and these 
lead, at any rate, tothe natural question, ‘‘ Where is, 
then, the evidence that we are advancing in reality, 
and not in our own imagination ?” 

There are any here who will no doubt heartily sub- 
seribe to the belief that there is no absolute criterion 
of trath for the individual, and admit that there is no 

itive guarantee that we, with this whole generation 
of scientific men, may not, like our predecessors, at times 
go the wrong way in a body, yet who believe as cer- 
tainly that science as a whole, and this branch of it in 
particular, is advancing with hitherto unknown rapid- 
ity. In asking to be included in this number, let me 
add that to me the criterion of this advance is not in 
any ratiocination, not in any a prioré truth, still less 
in the dictum of any authority, but in the undoubted 
observation that our doctrine of radiant energy is reach- 
ing out over nature in every direction, and proving it- 
self by the fact that through its aid nature obeys us 
more and'more, proving itself by such material evidence 
as is found in the practical applications of the doctrine, 
in the triumphs of modern photography, in the electric 
lights in ourstreets, and in a thousand ways which I 
will not pause to enumerate. 

And here I might end, hoping that there may be 
some lessons for us in the history of what has been 
said. I will venture to ask the attention to one more, 

rhaps a minor one, but of a practical character. It 
is that in these days, when the advantage of organiza- 
tion is so fully recognized, when there is a well found- 
ed hope that by co-operation among scientific men 
knowledge may be more rapidly increased, aud when 
in the great scientific departments of government and 
elsewhere there is a tendency to the formation of the 
divisions of a sort of scientific army—a tendency which 
may be most beneficially guided—that at such a time 
we should yet remember that, however rapidly science 
changes, human nature remains much the samé ; and 
(while we are uttering truisms) let us venture to say 
that there is a very great deal of this human nature 
even in the scientific man, whose best type is one near- 
ly as unchanging as this nature itself, and one which 
cannot always advantageously be remodeled into a 
_— of even the most refined bureaucratic mechanism, 
ut will work effectively only in certain ways, and not 
always at the word of command, nor always best in 
regiments, nor always best even under the best of 
discipline. 

Finally, if I were asked what I thought were the 
next great steps to be taken in the study of [radiant 
heat, I should feel unwilling to attempt to look more 
than a very little wayin advance. Immediately before 
us, however, there is one great problem waiting solu- 
tion. I mean the relation between temperature and 
radiation ; for we know almost nothing of this, where 
knowledge would give new insight into almost every 
operation of nature, nearly every one of which is ac- 
companied by the radiation or reception of heat, and 
would enable us to answer inquiries now put to physi- 
cists in vain by every department of science, from that 
of the naturalist as to the enigma of the brief radiation 
of the glow worm to that of the geologist who asks as 
to the number of million years required for the cooling 
of a world. 

When, however, we begin to go beyond the points 
which seem, like this, to invite our very next steps in 
advance, we cannot venture to prophesy, and must 
content ourselves with the knowledge that'through our 
study man is beginning to apprehend the full meaning 
of one of the early great ones in science, who described 
him as the meeting point of twe infinities. 

That there isan infinite of space above him, he has 
long known ; but that there is another absolute infinity 
and the possibilities which lie in the study of the infini- 
tesimals of space below him, he is only beginning to 
realize. The secular movements, whose accomplish- 
ment demands more than a million years of time, he 
has already considered ; but of the possibilities which 
lie in the study of actions whose whole duration is far 
less than the millionth of a second, he has hardly even 
yet begun to think; and these are but a part of the 
ungarnered fields of research which open to the 
student of that radient energy which sustains, with 
our own being, that of all animated nature, of which 
humanity is but a part. If there be any students of 
nature here, who, feeling drawn to labor in this great 
field of hers, still doubt whether there is yet room, 
surely it may be said to them, ‘‘ Yes ; just as muchjroom 
a8 ever, as much room as the whole earth offered tothe 
first man ;” for that field is simply unbounded, and 
everything that has been done in the past is, I believe, 
48 nothing to what remains before us. 

The days of hardest trial and incessant, bewildering 
€rrorin which your elders have wrought seem over. 
You “in happier ages born,” you of the younger and 
the coming race, who have a mind to enter in and 
possess it, may, as the last word here, be bidden to 
iNdulge in an equally unbounded hope. 


THE EMIN PASHA RELIEF EXPEDITION. 


Mr. JosepH HaTron writes as follows to the Jilus- 
trated London News : 

ers of the articles which have from time to time 

Teeared under the above heading in the Illustrated 

on News will have been wore or less prepared for 

Startling ineidents in the history of the Emin Bey ex- 

Pedition. The serious difficulties that threatened the 
Vance have been dwelt upon, but with caution—m 
ndent being under articles of agreement wit 


Mr. a | which neither he nor I would willingly dis- 
regard, r. Ward has forwarded to me sketches an 
notes, portions of which I am privileged to publish in 
these columns, the object being rather to illustrate 
some of the country through which the expedition has 
passed than to offer any special references to its policy 
or management. The fatal disaster which has be- 
fallen Major Barttelot is by many regarded as indica- 
tive of the previous death of Stanley ; but the fact of 
the news of r telot’s assassination traveling 
home so quickly is rather encouraging than otherwise 
as touch ai the fate of the famous journalistic ex- 
plorer. ‘Ill news travels apace,” even in Africa ; and 
as long as there is no definite intelligence of the death 
of Stanley, so long may we continue to have not only 
hope of his welfare, but of the ultimate success of 
is expedition. Stanley’s career is the best answer to 
the various rnmors and reports of his intentions in Cen- 
tral Africa. The latest announcement is that he went 
out to found a new empire, and intended to proclaim 
himself emperor. A New York correspondent says 
Stanley offered him a. position as one of his ministers. 
Mr. Stanley had poy been amusing himself in this 
romantic suggestion. Those who saw him last on this 
side of the Atlantic, and who are associated with him 
in his arduous work, know well enough that his mis- 
sion was the relief of Emin Bey; and if hehas gone out 
of the prescribed route, it is under the pressure of cir- 
cumstances over which he has had no control. 

The accompanying illustrations are from] drawings 
by my Congo correspondent, Mr. Ward, made princi- 
pally at Stanley Falls and in the neighborhood of the 
Aruwirmi camp, so often mentioned of late in connec- 
tion with the expedition, and which Major Barttelot 
broke up to follow his chief. Bolobo, which forms one 
of our first illustrations, has been mentioned iu former 
notes. Its history is more or less tragic. In connec- 
tion with the present expedition it has, however, a 
pacific and uneventful record. It is the great center of 
the ivory and cam-wood powder trade. The native 


d| Wen 


are fishermen: the tremendous operations of the 
people have been graphically chronicled by 
Mr. Stanley, not the least interesting of whose latter 
chapters of “‘The Congo Free State” is the history of 
Tippoo Tib’s cunning dealings with the hardy Wenya 
men, whereby he was enabled to ogy the river and 
establish himself at Stanley Falls. he house of Tip- 
Eee Tib is from a drawing made from the site of the 

tanley Falls station, Aug. 30, 1887. In the illustration 
of Mr. Ward’s house at the falls we have a suggestion 
of “home” in the construction of the high doorway and 
ample windows; and on the walls, I glean from his 
letters, were photographs of friends and reminiscences 
of the Illustrated London News. Tippoo Tib’s per- 
sonality, his wives and retinue, have n previously 
noted in these papers. Mr. Ward in one of his letters 
mentions, as a great surprise and a stroke of genius, 
Stanley’s treaty with Tippoo Tib, whose aid he re- 
garded as absolutely necessary to a successful issue of 
the expedition at Wadelai. The difficulties of Stanley 
and his officers are possibly in some cases nevertheless 
increased by their alliance with the Arabs, who have 
left behind them on all hands rancorous memories 
among the natives of nearly every class. 








IRISH FLAX CULTURE. 
By H. Monte, Jr. 


Tue flax plant has been cultivated in Ireland and 
its filaments spun and woven into cloth from time im- 
memorial, but no authentic record of its first introdue- 
tion is at the present time in existence. Up to the 
beginning of the present century the methods of culti- 
vation and the manufacturing appliances were of the 
most rude and simple construction, little in fact re- 
moved from those in favor with the ancient Egyptians ; 
and it was not until a few years later, when the genius 
of English and Scotch machinists was directed to the 
backward condition of the industry, that the manu- 





merchants do their business through agents at Stanley 
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facture sprang into active life, and the basis of its 
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Pool. Bolobo, during Mr. Stanley’s experience of it, 
had been twice at war and twice burned to the ground. 
Eventually, peace was established all round, and the 
station has become more or less safe ; but to secure out- 
posts of this importance, they ought to be efficiently 
garrisoned. In a district where, as Stanley confesses, 
the most trivial incidents will bring on a battle, an effi- 
cient garrison is needed at all times. The Bolobo 
country commences with the picturesque little village 
of Itimba, the tropical prettiness of which is artisti- 
cally suggested in Mr. Ward's sketch. It is situated on 
a low hill, thickly wooded. ‘Then, as you sail up the 
river,” says Mr. Stanley, *‘ village after village appears, 
in a nearly continuous line, for about an hour, when 
the station (Bolobo) comes into view on the open higher 
ground behind the narrow belt of tall timber lining the 
river side.” ‘The station is healthy; and some day, when 
Europeans have learnt the diplomatic art of managing 
the natives, the district may develop into a fine agri- 
cultural settlement. ‘* Imagine a strip of the left bank 
of the river, about twelve miles long, a thin line of 
large umbrageous trees close to the water’s edge, and a 
gently sloping background of cleared country rising to 
about thirty feet above the tallest tree. Just above the 
center of this strip, on the open ground, is the station 
of Bolobo, consisting of a long mat-walled shed, a mud 
and wattle kitchen, a mud-walled magazine with grass 
roofs, and about seventy huts arranged in a square, on 
the outside of the inner group of buildings. Above 
and below it, close to the water side, amid banana and 
palm groves, are sheltered about fifteen villages. Eight 
of these—Itimba, Mimgolo, Biangulu, Ururu, Mongo, 
Mangu, Yambula, and Lingenji—are below the station. 
Eight are above, among which is Mbanga and a few 
villages of the Banunu tribe. These form what is 
called Bolobo.” 

It is hardly necessary to describe Stanley Falls and 
the river scenery. But the accompanying fresh illus- 
trations of the locality are interesting. The drawings 
were made in the autumn of 1887. They are quite in 
keeping with the eee accounts we have had of the 
two main channels of the river that are almost bridged 
at the falls, The stakes and nets in the illustrations 
below the falls are familiar objects of the river, and 








mark the various cataracts. ost of the local tribes 





IRISH FLAX CULTURE—FLAX RIPPL 
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ERS AT WORK. 


present important position was successfully laid. At 
the present time, even no other industry requires so 
pant manual labor as that of flax, and consequently 
we may reasonably sup that the future will see 
considerable alterations in the systems of manufacture 
and the substitution in many departments of labor- 
saving mechanical appliances. During the past few 
years the annual average area placed under the flax 
crop was 127,000 acres, the produce of which amounted 
to 22,000 tons, made up as follows by the four provinces : 


Tons, 
RE ict. ow ceansnpeksanends 1eveentt 21,700 
Leinster. ..... Soidilebibe 00; sige apnacaceiins 200 
COMMAS. .. cccccicersccessccssoce coccce 50 
BE, iclcntbls Kin enns 6005 06040bR Dare pe tes 50 


As the Irish flax manufacturers alone consume 36,000 
tons and the export trade amounts to 4,000 tons, there 
is thus a deficiency of 18,000 tons, which would require 
the cultivation of 100,000 more acres to supply. In 
addition to this, England and Scotland combined con- 
sume annually 46,000 tons of flax, so that it will be seen 
there is ample scope for a great extension of flax culture. 
£2,000,000 worth of foreign-grown flax is annually im- 
ported into this country, a considerable portion of 
which might, were greater enterprise shown, be retain- 
ed among us, and go to thesupport of our own agricul- 
tural classes. Another important matter worthy of 
serious consideration is the fact that the life of our ex- 
tensive linen manufactures depends almost entirely on 
the supply from Russia, and we might also include 
that or Belgiam. Should these fail, either from war 
with that country or a recourse to arms among other 
great Euro ee (both of which are not very im- 
probable), It wil be easy to understand the danger 
which exists to and the ruin which would follow among 
the capitalists of this country; trade would become 
paralyzed, commercial confidence would cease, and 
thousands of workpeople brought to poverty and 
absolate destitution. 

The culture of flax, if carried out under proper con- 
ditions, can be rendered very profitable, in fact, much 
more so than any of our cereal crops; and if capital 
were forthcoming, especially in Ireland, for this object 
and for the construction of improved scutch mills and 
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machinery at different parta of the conntry, greater | with water or run off when required Where, however, | 


profits might easily be realized. The flax plant can be 
grown on almost any soil ; but, of course, the quality 
is more or less affected thereby. The best is a deep, 
sound loam, thoroughly well drained and subsoiled. 
As the plant is a most exhaustive one, however, it 
should not be grown oftener on the same ground than 
once in five or seven years, otherwise the yield will be 
found to be small and unsatisfactory. The following 
rotation of crops ww ge liy rece nded : (1) grass, 
(2) oata, (8) potatoes, (4) wheat, (5) flax, (6) hay. After the 
lands are thoroughly well plowed up and the harrow- 
ing finished, it is necessary to carefully roll it, so that 
an evensurface may be obtained, otherwise there would 
be considerable variation in the length of the stalks— 
an objection which should be avoided as much as pos 
sible, The seed is sown broadcast early in April, and 
this operation should only be entrusted to those who 
have a thorough knowledge of the crop and an inter- 
estin the result of the harvest. To have portions of the 
land sparsely covered and others too thickly covered 
will cause much irregularity and reduce its commercial 
value, The beat seeds to use are the Riga and Dutch, 
the former being especially suitable for all soils and the 
production of large crops, and the latter for the growth 
of a finer fiber but of less bulk. Seed for sowing pur- 

requires’ almost to be grown specially, and in 
so doing the following points must be attended to: (1) 
The plants must have sufficient space to allow of their 
branching out, and (2) the stalks must not be pulled 
natil the seeds in the bolls become ripe. Where excel- 
lency of fiber is required, and the seeds are only to be 
used for the manufacture of linseed oil and for feeding 
purposes, the sowing must be thick, as in this way the 
stems agrow tall and straight. Pulling should also 
begin before the seeds are fully matured, the best time 
being during the course of changing from the green 
to the light brown color, and before the stalk has he- 
come entirely yellow. This, however, must be deter- 
mined more or less according to circumstances, and by 
practical experience. If the flux is pulled too soon, an 
excess of waste at the hackling and scutching oper- 
ations will be the resuit ; and if too late, the fiber will 
be coarse and harsh, while its adhesive elasticity will 
have become impaired. The quantities of seed which 
have been found sufficient in well managed farins for 
sowing purposes are as follows : 





Imperiai bushels. 


Irish, or plantation acre 
Secoteh, vr Cunningham acre 
English, or statute acre 


During the growth of the plants, little attention is 
necessary beyond that of weeding, and this should be 
completed before the stalks exceed a height of five or 
six inches, The women who perform this operation 
should work facing the wind, so that the plants may 
be assisted in regaining their upright position when 
the work is finished. When the harvest time has come, 
the plants are pulled in handfuls according to their 
lengths, and these are then laid across each other 
diagonally until a sheaf is complete, the whole being 
then carefully bound together. These sheaves are 
next taken to the ripplers, who separate the seed bolls 
and seed from the stalks. On many farms rippling is 
entirely neglected, the sheaves, as pulled, being .re- 
moved directly to the “ steep pit ;” but as the seed can 


be used for many purposes, and the product of an acre | 


may realize from £2 10s. to £3, there is in this way 
much unnecessary loss to the grower. The best rip- 
ylers are of very simple construction, consisting of a 
»lock of wood, in which are vertically fixed a series of 
iron spikes about 18 in. long, made of half inch square 
iron, placed “4, in. apart at the bottom, and tapering 
slightly toward the apex. This comparatively great 
length and smaliness of the iron allows it to spring 
slightly, and so yields to the pull of the stalks instead 
of presenting a rigid surface, which would act too 
roughly upon them, This, then, constitutes the “ rip- 
\ ple,” and when in use itis securely fastened transversely 
ou a plank supported at both ends as shown in the 
illustration. The ripplers, it will be observed, sit 
astride the plank on both sides of the ripple, while 


they operate upon the stalks in the following manner: | 


Taking up a handful of flax from the sheaf at his right 


| the district possesses no river, the pools should be ar- 
ran, near springs or wells, so that there may be no 
great difficulty in filling them. 

When a pool has been filled, the best method of pro- 
cedure is to take a sufficient number of sheaves to inake 
one layer over the entire surface. Place the sheaves in 
the water in rows, in a slightly inclined ition (the 
root ends being lowest), so that the tie of the second 
row will be ina line with the roots of the former one, 
and similarly with the others. When this has been 
done, then cover lightly with a layer of reeds or rushes, 
followed by one of sods, or, if these cannot be readily 
obtained, straw will serve the purpose. Over these 
coverings stones should then be placed of sufficient 
weight to keep the stalks merely under the surface of 
the water, and not to sink them to the bottom. In 
this manner the retting process can be accomplished in 
an average of about ten days; but, as the length of 
time required depends (1) on the composition of the 
water, (2) the condition of the atmosphere, and (3) the 
nature of the stalks, experience can only be relied upon 
to determine this point satisfactorily. A good system 
of testing, however, can be adopted, such as the follow- 
ing : When fermentation ceases, a few stalks should be 
removed from the pool, and the woody part broken in 
two places, at a few inches apart from each other ; then 
the operator should take hold of this wood, and pull it 
out in a dowoward direction, when, if it separates freely 
from the fiber, it may be concluded that the operation 

is complete. The coverings should then be taken off 
and the flax removed from the pool carefully by hand, 
| and allowed to drain and dry for a few hours prepara- 
| tory to spreading. The flax water left in the pools forms 
}excellent liquid manure, and should in every case be 
| used for that purpose, and not run off as waste. Peri- 
| odical cleanings of the pools should be carried out, so 
as to prevent mud and other injurious matter from ac- 
einuindiiad in them; such cleanings also assist in re- 
ducing the obnoxious smells given out. This, however, 
is seldom done, and as a consequence the color of the 
fiber suffers more or less.—Jndustries. 
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hand side, and holding the stalks by the root ends, the | Aji who contemplate building or improving homes, or 
rippler spreads the tops out in a somewhat similar | erecting structures of any kind, have before them in 
manner to a fan, and then draws them rapidly through | this work an almost endless series of the latest and best 


between the spikes. The bulbs being greater in diame- 
ter than the distance apart of the rods, they are there- 


fore stripped off and fall upon a sheet spread on the | 


ground under the plank for the purpose of receiving 
them. As each handful is rippled it is deposited on 
the ground at his left hand side, the one being placed 
diagonally over the other as before, until the sheaf is 
again complete, when it is bound up and removed. 

To ripen the pods, many plans are adopted, a com- 
mon one being to remove them toa kiln and there 
dry them with the heat. This; however, is a most 
objectionable practice, as the heat being so great, it 
evaporates the moisture and vital fluids. from the boll 
very rapidly, instead of allowing them to be absorbed 
by the seeds in completing the remaining stages of 
maturity. The best system is to remove the straw, 
leaves, ete., from the bolls by riddling, and then, if the 
weather is fine, to spread them in the open air until, 
by a gradual process of absorption effee by the seed, 
the sap end moisture from the shell is thoroughly ex- 
tracted, and the seeds have become ripened. If the at- 
mosphere be damp, or if there is any appearance of rain, 
a barn or stoor floor, without artificial heat or of a mod- 
erate temperature, will do very well for this drying pro- 
cess. To extract the seeds, the bolls should be submit- 
ted toa thrashing operation, which has the, effect of 
breaking up the husks. The seeds, then, which are 
found to be the heaviest and least attenuated can be 
selected for sowing, while the remainder can be sold 
to the oil mills for crushing purposes. Following the 
rippling, the watering. steeping, or retting is the next 
process, and is one which requires the greatest care 
and experience if satisfactory results are to be obtain- 
ed. The object aimed at is the decomposition of the 


glutinous matter which exists between and binds to- | 


gether the outer membrane and the inner stalk, by sub- 
mersion in water for a considerable time. This opera- 
tion-should be conducted in the following manner : 
Pools from 8 feet to3!¢ feet deep 12 feet broad, and 30 
feet to 50 feet long, according to the requirements of 
the district, should be constructed near to a river if 
possible, so that they may conveniently be filled 
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